




RECORDS 


OF 

THE GEOLOGICAL SURVEY OF INDIA. 


Part I.] 1934. [ May 


General Report of the Geological Survey of India for 
THE YEAR 1933. By L. L. Fermor, O.B.E. D.Sc., 
A.R.S.M., F.R.S., F.G.S.. F.A.S.B.. Director, 

Geological Survey of India. 


CONTENTS. 


Paras, Paqe. 


Disposition List 




li2 

3 

Administrative Changes 




n-r> 

11 

LSOTimESHIP 




6 

12 

Popular Lecjtures .... 




7 

12 

Publications 




8 

12 

Library 




9 

13 

Drawing Opbice 




10 

13 

Museum and Laboratory— . 




13-19 

14 

Rangoon Office .... 




19 

17 

Petrology 




20 

17 

PALiKONTOLOGY— .... 




21-26 

18 

Vertebratc^a ..... 




23 

19 

Invertebrates 




24 

21 

Plants ...... 



■ 

25 

22 

Stratigraphy ..... 

Eoonomio Enquiries— 



• 

27,28 

24 

Antimony-ore : iSouthern Shan States, Burma 



29 

27 

Aphiite : Singhbhum, Bihar and Orissa 

. 



30 

27 

Ashesion : Singhbhum, Bihar and Orifisa 

• 


• 

31 

38 

Barytes : Southern Shan States. Burma 

f 


♦ 

32 

9 

28 



licronLs uj the (it nhuficnl Sunri/ (tf hultiK [ VoL. LXVIII 


J^AiiAs. Page. 


J5CO NOMRJ 10 SQ U I III KS —r, 0 ))ftL 

B(/n.ritc : \<)i 1 lic-rn Sli.ui Slat r.s, .... 

Brrf/l : Nrllcn-e, Madras ....... 

liiilflimj ,SitiLdd)iiinii. IJiliar and Orissa; Jambu- 

Lduala Nlatr, IJcnnbay ; ]\uj^ li MaliaK. l?tniib.‘,y ; Northern 
Sfatos, |]nrnia ....... 

( 'hrtt/fu’ff^ : IvatTiasjiri, J-Jonibay ...... 

: KaOiiawai, lioinJiay : NMInio, Afadras 
^ /--M/r ; Snidhrin Slian Stale-, Bin nia ; Siriglibliiiiii, 

Hibai and Ot i‘~sa ; Ua.'-tai* Slate, ( ’(‘nl ral Pi'ovm'iiccs . 
JCniji>)CLri >i{f an 1 l/Z/pf/ nitons - 

'I'lif' O'yobyii and NvaiinLdrhin l>aJv(‘s Sehcine, ]?angoon, 
ibinna . . ...... 

Idiavani dam sjle, Ooiinbafoii*. JMadras .... 

JMilitaiy <. ii. a m|)ment, Mii \it. W.i/.instaiu .Vorlli-Wosfc 
Kionlier Piuvinec ....... 

f/arih t : Xelinrc', Madra'^ ....... 

Mnnrok iStonu 'Tiaei, Is.dlia Buima 
; Singidduiin, Hdaiv and Oiis-^a ; XoTtbern Shan 
Stabs, Burma ........ 

Jrnn-n)t‘ : Siughltlmm, Ibhai and Orissa : Katliiawar State, 
tVnIial India; Ba dar State, ( 'enl ral I’rovinces 
Kfjr/nif, : SinglibJmm. Ibbai and Oies'. ; NMIf>rt‘, Madras . 
/.ffifl’ore : Kliasi ami J.mdia Hills, .\ssam ; Hbamna Slate, 
PaiK'Ii Maluds, Bomi^iv : Sfuifbern Slian States, 
Bm ma 

: .\(‘lloio, iMidra^ ....... 

Xalifral ( !n i : Kidhiawar, Boinb-iA ..... 

P(trulf'^i)/f : Ib'sident < a'olngi.-,!. Yenangyaung Oilfield, 
Burma ......... 

AV//Z ; ffati;!, Kojial, Noilb-WesI Krnnlier Province 
Sfunnr.'^Litr : Xcdlon*. i\r'n)iMs ...... 

SnapfiloXf, : Singhbhiini, Bihar ami Orissa ; Nellore, Madras 
^oda : Aliniedabad, Burn bay ...... 

Wafer: Ranebi, Hibar and On^sa. ; Shabpur, Salt Jtange, 
Pinjja}» ......... 

CnoLooiCAL Survey's- 

Burma. Cirrh .... 

Mogok Stone Tract 
Xorlbern Shan Slates . 

SontlxTii Shan Slates . 

Northern Circle 

Salt Range, Jhinjab 

Kangra and Hosbiarpnr districts, Punjab 
Maiuli and Bilaspnr Stat-es, Punjab 
Dolira Dun district and Teliri Garhwal State, United 
Provinc(*s 


:33 

2S 

3-1 

29 

35-39 

29 

40 

30 

41, 42 

31 

43-45 

31 

R), 47 

:\2 

4S 

34 

49 

35 

50 

35 

51 

30 

52, 53 

37 

54-50 

3S 

57, 5S 

39 

59-01 

39 

02 

40 

03 

42 

0 4, 05 

44 

00 

40 

07 

47 

OS, 69 

47 

70 

48 

71,72 

4S 

3-76 

50 

74 

50 

75 

57 

70 

58 

7-85 

01 

79 

02 

80 

00 

81 

07 

82 

67 



Part 1.] 


General RepoH far 1933, 


3 


^’eot.ogical Surveys CO Paras. Page. 
Noi'thern Circle contd. 


Pa]an])ur States Mabikantha A^ciioy, and Almiedabad 


rliatiic-t, [{oiiibaj- ....... 

83 

00 

I'aiioh Maiials, Irulia A.m*n(y ^uid JJewa Kantlia 

8tat( R Alien f v ........ 

S.l, 85 

70 

,*<oiithcrn ( irclc ........ 

S0-9C 

73 

Assam ......... 

87 

73 

Caro ttill.s ........ 

8S 

74 

Kbasi and Jaiiilia Hills ...... 

80 

70 

Bibni' and t)i issa ........ 

on 

81 

(bingpiu- and Ibonra Slate,, Itanelii and Siugbtitniiri 
dis! lifts ........ 

01 

81 

Sinobbbiim (list j iel ....... 

02 

82 

lC(‘OMjIia?' Stale ....... 

03 

84 

nl-ral Hrevin's^s ....... 

04 

84 

Jiast-ar Slate . 

05 

85 

XaerpuT' and Mba’u.lara distriets ..... 

on 

SS 

Binr.ioeFiAnn' ...... 

07 

90 


DISPOSITION LIST. 

D UJUNO tho ])uri()<] under r<‘()oi*t I he o Hirers of the l)(‘j>aT'hee]it' 
AV(‘ro om])loyed .-is fellows 

Snycr}y(t*'‘n(U'nl'<. 

Dr. (L de P. Outtkk Jhdired fjoni service fioni tlu* 28 t]i 

August, 19o‘]. 

1)k. d. CoGciiN Brown On leave jnvpaiatoiy to rciiremeut. 

Mr. 11. C. Jones H<*rirc<i rVoni -service froni l-lie ‘Jotli June, 

Dr. a. !Vr. Heron (Jr.‘*nte<l h'uve out of India on average 

])i\.y for I) mojillis ; availed himself of 
the same witli effect from the 27th 
March, 1933, from tlie field, and re- 
turned from leav(^ and resumed duty 
on the 22nd September, 1933. Ap 
pointed to oflieiate as Director from 
tlie hth Dciober to the 22nd Deceml)or, 
1933, anti placed in <harge of tho 

Northc^rn Circle after that period. 
Kemaiiiod at headquarters. 

H 2 
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Dr. C. S. Fox 


Mu. E. L. G. CLEoa 


Mr. H, Crookshank 


Superintendents — (outd. 

, Keturued from the field on the 30th 

March, 1933. Placed iii charge 
of the Southern Circle till the 26th 

March, 1933, and thereafter in charge 

of the Northern Circle till the 22nd 

December, 1933. Deputed from the 
30th October to the 2Gth November, 
1933, to examine the site selected for 
the construction of a dam on the Bha- 
vaiii river in the Coimbatore district, 
and to investigate the occurrences of 
the laterite in South India. Left for 
Assam on the 18th December, 1933, 
and placed in charge of the Southern 
Circle. 

• Continued in charge of the Burma Circle. 
Keturned from field work in the Mogok 
area to Eangoon on the IGth May, 
1933. Proceeded to Taikkyi on the 
20th May, 1933, in connection with the 
geological examination of the Gyobyu 
and Nyaunglebin Lakes Scheme, and 
retm-ned to Rangoon on the 22nd May, 
1933. Continued the large scale geo- 
logical survey of the Mogok Stone Tract 
and left for the field on the 2nd Nov- 
ember, 1933. 

Assistant Superintendents, 

. Returned from the field on the 16th May, 
1933. Appointed to ofiSciate as 
Superintendent from the 27th March to 
the 2l3t September, 1933, and 
again from the 6th October to the 
22nd December, 1933. Placed in 
charge of the Southern Circle till the 
22nd December, 1933, and left for 
the field in the Central Provinces on 
the 10th November, 1933. 
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Assistant Superintendents — contd. 

Mr. G. V, Hobson . On leave preparatory to retirement. 

Kao Bahadur M. 

ViNAYAK Rao . . Retired from service from the 14th Feb- 

ruary, 1933. 

Mr. E. J. Bradshaw Rtiturned from field work in Assam on 

the 12th March, 1933. Attached to 
the Burma Circle and assumed charge 
of the duties of the Resident Geologist 
and Ollicial Member, Yenangyaung and 
Singu Oilfield Advisory Boards at Ye- 
nangyaung on the 20th March, 1933. 

Dr. a. L, Coulson Remained at headquarters in charge of 

Office as Assistant Director. 

Mr. D. N. Wadia Remained at headquarters as Palfeont * 

ologist. Granted leave on average pay 
from the 11th to the 22ud December, 
1933, with permission to affix the 
Christmas holidays. 

Dr. J. a. Dujsn . Returned from the field on the 17th May, 

1933. Attached to the Southern 
Circle and left for the field in Bihar and 
Orissa on the 23rd October, 1933. 

Mr. C. T. Barber Continued as Resident Geologist at Ye- 

nangyaung till the 13tn March, 1933. 
Granted leave on average pay for 8 
months combined with leave on half 
average pay for 20 months, prepar- 
atory to retirement, from the 17th 
March, 1933. 
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Assistant Superintendents — coiitd. 

Mk. E. R. Gek • • Reiurnecl from the field on the 14th Juno, 

1933. Attached to the Northern 
Circle and left for the Salt Range, 
Punjab, on the 6th October, 1933. 

Mr. W. 1), West Continued to act as Curator of the Geo- 

logical Museum and Laboratory till the 
20th April, 1933. Grante<l leave out 
of India on average pay for 6 months 
and 23 days from the 2Lst April, 1933. 
Returned from leave and resumed duty 
on the 11th November, 1933. At- 

tached to the Southern and Northern 
Cindes for work in the Central Provinces 
and the Himalaya respectively and 
loft for hold work in the Nagpur 
district on the 27th Deccmiber, 1933, 

Dr. jM. S. KrisijnAaN Rctuiiied from tlie field on the 19th 

April, 1933. Aj)pointed Curator of the 
Geological Museum and Laboratory 
from the 2l3t April, 1933. 

Mr. P. Leicester Retired from service from the 7tli May, 

1933. 

Dr. S. K. Chattekjee Retired from service from the 30th 

August, 1933. 

Mr. J. B. Auden . Returned from the field on the 9th May, 

1933. Granted leave on average pay 
for 6 months and 8 days combined with 
study leave for 1 month and 10 days 
from the 31st May, 1933. Attached to 
the Northern Circle for continuing his 
work in the Outer Himalayas on return 
from leave. 
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Gcmnd Repi/rt for 1933. 

A Hs-istant S uperinle?idents — < ou (dd. 

Mr. V. P. SoNDHi . (iraiited leave ou average pay from the 

1 2th to the 31st January and from the 
5th to tlie 20th February, 1933, froui 
ihe iield in the Southern Shan Slates. 
])e])uted to <?xainuie the Gyobyu ar.d 
Nyaiinglobiii Lakes Soheine of tlu^ Ran- 
goon (Jorporatioii I'lom the 5th lo the 
22nd i\Iay, 1933. Keturnod to tlie Held 
on the 28th May, 1933, and a i rived 
l)aek in Rangoon for recess on the 
dth July, 1933. Attached to the 
liiirma Circle to continue his work in 
the SoLitlicrn Slian States and leit for 
the held on the 3rd November, 1933. 

Mr. B. 13, CueTA . Retired from stnvicc fioin the 1st Novem- 
ber, 1933. 


Kxtrn SnperhilriHlrHJs, 

Da. K. L. CjiJiiuuKii UianttKl <^xtensioji ol leaver out of India 

on half average pay foi’ 2 monile' and 
14 days ami leave without allo^^am•e 
for 12 days in e-ontiniiation ol' study 
leave for 7 months, from the 2ii<l March, 
1933. 

Du. P. K. Gnosii Ketuined from tlui Held on the Till April, 

1933. Attaclicd to the Southern Circle for 
work ill the Central Provimjcs and left 
for the iield on the I7th November, 
1933. 

Du. M. R. Sahni Returned to Rangoon for recess ou the 

13tli June, 1933. Attached to the 
Burma Circle to continue liis work in 
the Northern Shan States and loft lor 
the held ou the 3rd November, 1933. 
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Extra Assistant Superintendents — contd. 

Mb, P. Beattachaeji . Returned from the field on the 2nd May, 

1933. Granted leave on average pay 
for 1 month and 10 days from the 13th 
November, 1933, with permission to 
affix the Christmas holidays. At- 
tached to the Southern Circle to 
continue his work in the Bhandara dis- 
trict. 

Mr. B. C. Gupta Returned from the field on the 3rd May, 

1933. Attached to the Northern 
Circle for work in Bombay Presidency 
and loft for the field on the 20th 

November, 1933, 

Mb. 11. M. Lahibi Returned from the field on the 4th May, 

1933. Attached to the Northern Circle 
to continue his work in the Hoshiarpur 
and Kangra districts and left for the 
field on the 8th November, 1933. 

Db. L. a. Nabayana 

Iyeb Returned from the field to, Rangoon for 

recess on the 8th May, 1933. Granted 
leave on average pay from the 12th 

May to the 4th June, 1933. Attached 
to the Burma Circle to continue his 
work in the Mogok Stone Tract and 

left for the field on the 6th November, 
1933. 

Mb. P. N. Muksbjee Returned from the field on the 3rd May, 

1933. Granted leave on average pay 
from the 12th to the 31st July, 1933. 
Attached to the Northern Circle for 
work in Bombay Prosideney and left 

for the field on the 14th Novembei; 
1933. 
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General Report for 1933. 

Extra Asdstani Superinlendmts — concld. 

Dr* a. K. Dey . llct Limed from th(3 field on tlic April, 

1933, again loft for the field on the 3rd 
May and returned on tlie 24th May, 
1933. Attached to the Southern 
Circle and left for the field in Bihar and 
Orissa on the 20th November, 1933. 

Mu. Austin M. N. 

Guosh . . Ivcturned from the field on the 19th April, 

1933. Confirmed in the grade of Extra 
Assistant Superintendent from the 
I51h March, 1933. Attached to the 
Northern and Southern Circles for work 
in the Punjab Salt Range and in Assam 
respectively, and loft for the field on 
the 21st October, 1933. Returned 
from the Punjab on the 31st December, 
1933. 


Artist. 

Mu. K. E. Watkinson . On leave preparatory to retirement. 


Assistant Curator. 

V. C. Roy At headquarters. Granted leave on 

average pay from the 4th January to 
the 4th March, 1 933. 


Field Collectors. 

N. K. N. Aiyenoau At headquarters. Granted leave on 

average pay from the 3rd May to the 
21st June, 1933. Attached to the 
Northern Circle and left for the field 
on the 31st December^ 1933. 
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A. B. Dnn 


Mahadeo 11am 


]J. Gupta . 


IVI. S. Vknkatham 


Field CoUeefo) a — contd. 

. At hoadqiiartors. Piomutod to tlio 
j)ost of Fiold Collector on piobatioii 
for one year fioin Iho J5th March, 
Granted IcavtJ on average jjay 
from the Lst to tlui 3LsL May, 1933. 
Attached to the Southern Circle for 
work under Br. J. A. Bujin in Bihar 
and Orissa ajid left for tlie iield on the 
25th October, 193:h 


Abbistanl Uhenu-f. 

At headquarters. Granted leave on 
average pay frojii the lOtli to the 30th 
April, 1933. 

J\Jui>eum ista n Is. 

At headquarters. Granted leave on 
average j)ay from the Stli November 
to the 22nd Becember, 1933, witli per- 
mission to affix the Christmas holidays. 

Appointed as Museum iiissistant substant- 
ively on })robatioii for one year from 
the loth Marcli, 1933, Granted leave 
on average pay from the 5th to the 
31st October, 1933, with permission to 
piefix the Puja holidays. At head- 
quarters. 


Temjmntry Alrneum AssisUinL 

V. Bhaskaka lUo . Apjminted as Temporary Museum Assist- 
ant from the 3rd July, 1933, subject 
to the production of a medical cert- 
ificate of health. 

2. The cadre of tie Department consisteil of 3 Superintendents 
and 10 Assistant Supenntendonts. 
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ADMINISTRATIVE CHANGES- 


Jvclircmciit. 


o. Dr. A. M. Heron officiated as Director from tlic 5tli October 
to tlie 22nd Docombor, 1933, vice Dr. L. L. Fermor on leave. 

Mr. H. Crookshank olliciated iis Sujierinteudent from the 27th 
March to the 2Jst Scpt<^niber, 1933, vice Dr. A. M. Heron on leave, 
and again from the 5th October to the 22nd 
pohiTmcnlr* Docemior, 198a, ria- Dr. A. M. Moron offio- 

iatiiig as Dir<‘ctor. 

Mr. W. D. West acted as Curator of the Geological Museum and 
Laboratory up to the 2()th April, 1933, and thereafter Dr. M. 8. 
Krishiian. 

Mr. A. M. JS’. Ghosh was cojihinied in the grade of Extra Assistant 
SuporiuLeiulent with oiTe-ct from (he 15th Mandi, 1933. 

J. Dr. G. de J\ ('otter, Supcrintendimt, re- 
tired from the smvie.e witli elfcct from the 28th 

August, 1933. 

Mr. 11. C, Junes, Sujieriutendenl, retired from the scuvjce with 
effect from the 25th June, 1933. 

Kao Bahadur M. Viuayak Kao, Assistant Siiperintendent, re-tired 
from the service with cdicct from the 14th February, 1933, 

Mr. J*. Jj(‘ic(‘sier, Assistant Supeiintendcuil . retired from the 
service with effect from the 7th May, 1933. 

Dr. 8. K. Chatterjec^, Assistant Siiperinteiidonl, retired from llH^ 
service with effect fj'oju the 30tli August, 1933. 

Mr. B. B. Gupta, Assistant Su[)erintendeut, lotirod from tlu^ 
service with effect from the 1st Novcmiber, 1933. 

5. Dr. L. L. Fermor was granted combined leave out of India 
for two months and niiietocn days with effect from the 5th October, 
1933, with permission to prefix the Piija holi- 
days and to afhx^ the Christmas holidays. 

Dr. A. M. Ilcioii was granted leave out of India on average pay 
for six months with effect from the 27th March, 1933. 

Mr. D. N. Wadia was granted leave on average pay for twelve 
days vith effect from the Uth Docmnbei, 1933, with pci mission to 
affix the Christmas holidays. 

Mr. C. T. Barbe^ was granted combined leave for two years and 
four months with effect from the 17th March, 1933. 

Mr. W, D. West was granted leave out of India on average pay 
for six months and twenty-three days with effect from the 21st 
April, 1933. 


Leave. 
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Mr. J. B. Auden was granted combined leave for seven months 
and eighteen days with effect from the 31st May, 1933. 

Mr. V. P. Sondhi was granted leave on average pay for twenty 

days with effect from the 12th January, 1933, and again for sixteen 

days with effect from the 6th February, 1933. 

Dr. H. L. Chhibber was granted extension of leave out of India 

on half average pay for two months and fourteen days and leave with- 
out allowance for twelve days in continuation of study leave for 
seven months with effect from the 2nd March, 1933. 

Mr. D. Bhattacharji was grante<l leave on average pay for one 
month and ten days with effect from the 13th November, 1933, with 
permission to affix the Christmas holidays. 

Dr. L. A. Narayana Iyer was granted leave on average pay for 
twenty-nine days with effect from the 12t]i May, 1933. 

Mr. P. N. Mukerjee was granted leave on average pay for twenty- 
one days with effect from the 12th July, 1933. 

LECTURESHU\ 

6. Mr. W. D. West continued to act as a part-time Professor of 
C oology at the Presidency College, Calcutta, up to the 20th April, 
1933, thereafter Dr. M. S. Krishnan from the 24th July, 1933. 

POPULAR LECTURES. 

7. Two popular lectures were given during the year by Mr. A. M. 
N. Uhosh, arising out of his work with Dr. C. A. Matley on the dino- 
saurs near Jubbulpore. The first was ‘ On the making of Jubbul- 
pore ’ and was delivered l)cfore the Central Provinces and Berar 
Geographical Association, Jubbulpore : the second was on ‘ Some 
Prehistoric Reptiles of India ’, and was delivered before the Bengal 
Women’s Education League, Calcutta. 

PUBLICATIONS. 

8. The following publications wore issued during the year under 
report 

1. Records, Vol. LXVI, Part 4. 

2. Records, Vol. LXVII, Part 1. 

3. Records, Vol. LXVII, Part 2. 

4. Records, Vol. LXVII, Part 3. 
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6. Memoirs, Vol. XVIII, Part 1 (Keprint). 

6. Memoirs, Vol. XXI, Part 2 (Reprint). 

7. Memoirs, Vol. XXI, Part 4 (Reprint). 

8. Memoirs, Vol. LV, Part 2. 

9. Memoirs, Vol. LXII, Part 1. 

10. Memoirs, Vol. LXII, Part 2. 

11. Memoirs, Vol. LXIII, Part 1. 

12. Memoirs, Vol. LXIV, Part 1. 

13. Palseontologia Indica, New Scries, Vol. IX, Memoir No. 2, 

Part VI. 

14. Palseontologia Indica, New Series, Vol. XXI, Memoir No. 1. 

15. Palseontologia Indica, Now Scries, Vol. XXII, Memoir No. 1. 


LIBRARY, 

9. Tho additions to tlie library amounted to 3,278 volumes, of 
which 1,055 wore acquii-ed by pundiaso and 2,223 by presentation 
and exchange. 


DRAWING OFFICE. 

10. The Artist, Mr. K. F. Watkinson, was on leave preparatory 
to retirement, and Mr. S. Ray held charge of the Drawing Office 
throughout the year. 

11. During the year, 136 half-tone and line blocks were prepared 
for plates of the Records, Memoirs and Palseontologia Indica, and 

wore prtoW off. 65 drewings’ ond 
62 lino blocks for text figures, wore also pre- 
pared. 

The number of geologically coloured originals received from 
officers totalled 165, while 2,449 topographical sheets were received 
from tho Director, Map Publication, Survey of India, and 665 were 
issued for departmental use. 

12. This department was fully occupied with copying developing 
and printing work for publications and reports. Tho number of 

Ph. wic 239. wlib 

1,634 photographic prmts were made. Ip 
adiUtion, 106 lantern slides were prepared. 
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MUSEUM AND LABORATORY. 


13. ]\rr. W. I). West continued ns Curator of the Geological 
Museum anJ Laboratory till the 20tli April, 1933, Avhcn ho pro- 
(?ecrled on lejivo and was replaced by Dr. M. S. Krishiian. 

Babu Puma Chamlra Hoy, Assistant Curator, was on leave from 
the 4th January to the 4th March. Babus Dasarathi Gupta and 
Anil Bhusan Dubt conlinued as Museum Assist- 
ants, but the latter was promoted to the post 
of Field Collector froTU the 15th March. M. H. Ry. M. S. Venkatram 
continued to work as temporary Museum Assistant until 15th March, 
when ho was a])pointo(l substantively vice Babu Anil Bhusan Dutt 
])romoted to the Field Collector’s grade. M. R. Ry. V. Bhaskara 
Rao was appointed as temporary Museum Assistant from the 3rd 
July. 

14. The Dcpartm(3nt is Jiow without a Chemist, though there has 
been no diminution in the amount of work in the laboratory, follow- 

, ing the reduction in the personnel carried out 

Clicinical work. ^ r . i . i 

recently as a measure of retrenchment. As a 

result, a considerable a^iiount of analytical Arork has had to be done 

by the Af^sistant Curator, at tJui cost of interfereiico with his routine 

duties in the Laboratory and Museum. In addition, a limited 

number of analyses have been made abroad. The need for a chemist 

is, in fact, very keenly felt, and it is hoped that Government will 

take up the question of appointing one at a very early date. 

15. The transfer of the charge of the field instruments from the 


Instruments. 


Artist to the Curator has neccssitate<l a considerable amount of 
labour on the part of both Mr. West and Dr. 
Krishnan, in rearranging and renumbering. 
The work of the Curator has steadily been increasing during the last 
few years, so that at j>resent his time i.s fully occuj^iod with the routine 
duties connected with the post, leaving him no time for chemical 
work to reduce the inconvenience earned by the loss of our Chemist. 

16. During the year, the number of specimens referred to the 
Curator for examination and report was 530, and assays, quanti- 
tative analyses or other special determinations 
were made of 60 nf ilicse. The corresponding 
figures for 1932 were 385 and 44 respectively. The quantitative work 
irioludod assays of ores of copper, silver, gold, chromium, iron and 
vanadium, and analyses of bauxite, cement slags, limestone, doleritc 
and coal and special tests of clays, sands and ochres. 


Determinative work. 
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17. Presentations of Indian rocks and minerals 
uHons^ctc"^ "'stii- made to ilie following institutions during 

the year under review : — 

1. The Sedgwiek Museum, Cambridge, England, through T>r. 

A. Harker. 

2. The Secondary Training College, Bom])ay. 

3. The Dcpartniont of Chemistry, Aligarh Ujiiversity. 

4. The private school of Mrs. S. A. Sarabhai, Sahibag, Ahmed- 

a))ad. 

5. The Eorcst Museum, llinoo, Eanchi. 

0. The East Indian Eailway High English School, Asansol. 

7. Tlio Baidyashastra Ihth, Calcutta. 

8. The Geological Survey of Tanganyika, Dodoma, East Africa. 

9. The Bengal Engirujcring College, Sibpur, Howrah. 

10. The Eaipur MuH<‘um, Raipur, Central Provinces. 

11. The Department of A})plied Chemistry, University College 

of Science, Calcutta. 

12. The School of Higher Commercial Studies, Montreal, Canada.. 

In two cases among the above (Nos. 1 and 12), the specimens 
wore supplied at a nominal charge. In addition, the following 
specific representations were made : — 

1. Beryl crystals, to Bergassessor Dr. E. Kohl, Preuss. Geolog. 

La]id«'saiLstalt, Berlin. 

2. Beryl (uystals from various Indian occurrences, to Lord 

Rayleigh, London. 

3. Volcanic ash, to Messrs. Francois (^mentation Co., Ltd., 

Poona, 

4. Corundum crystals, to W. H. Bates, Esq., Bum & Co.’s 

Pottery Works, Raniganj. 

5. Specimens of laterite, to Prof. Hermann Harassowitz, Uni- 

versity of Giessen, Germany. 

6. Samples of Indian coal, to Prof. J. W. Cobb, University of 

Leeds, England. 

7. Samples of Indian coal, to the Low Temperature Carbon- 

isation, Ltd., London, England. 

8. Specimens of lignitic coal, to Sir C. V. Raman, Indian 

Association for the Cultivation of Science, Calcutta. 

9. Si)ecimens of coal, to A. K. Banerji, Esq., Bengal Engineer- 

ing College, Sibpore. 
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18. The oflScers of the Department collected, as usual, a large 
number of specimens in the course of their work. Among these 
particular mention may bo made of a fine beryl 
De**art" measuring ten inches along the vertical 

nicnt. ( ight inches across, and weighing 48 lbs., 

collected by Dr. P. K. Ghosh from the L. N. 
mica mine, Nellorc ; and stalactites of rock-salt from the salt mines 
at Khewra and Warcha, Punjab, by Dr. L. L. Fermor. In addition, 
the following Indian specimens were received and incorporated in 
the collections of the Geological Survey of India : — 

1. Refractory bricks (firebrick, chrome, magnesite, lisil and 

claysil), presented by Messrs. Burn & Co. 

2. Allanite from Kurinjakulam, Tinnevelly district, Madras, 

presented by Mr. V. S. Sambasiva Iyer. 

3. Vanadiferous iron-ore, from Dalina Hill, Singlibhum, presented 

by the Bihar Mining (Corporation. 

4. Beryl from Vadesamudra near Bangalore, presented by 

the Mysore Geological Department. 

6. Silica brick converted into trid 3 miito, presented by Dr, E. 

Sponcer. 

6. Ornamental objects made of salt, from Kalabagh, Punjab, 

presented by Mr. E. R. Gee. 

7. Transparent barytes, from Balpalapallo mine, Kumool dis- 

trict, Madras, presented by M. R. Ry. B. P. Sesha Reddy 

Gam. 

8. Fuchsite*quartzite from Easwarahalli, Kadur district, My- 

sore, presented through the Hon’ble the Political Res- 
ident in Mysore. 

9. Sheared coal from Sisneri Khola, Nepal, presented by 

Mr. H. M. Sale. 

10. Alunogen from Cuddapah district, Madras, presented by 

the Director of Industries, Madras. 

11. Graphite from Pedakonda, East Godavari district, presented 

by the Collector of East Godavari. 

A fine collection of geodif: minerals, zeolites and calcite mostly, 
from the Deccan trap at Bombay, was purchased from Mr. 
J. Ribeiro, and added to the collections. The following foreign 
specimens wore also acquired ; — 

1. Cassiterite from Mwirasando tin-field, Uganda, presented by 

Miss J. H. Robertson. 
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2, Quartz crystal from Tibet, presented by Mr. J. Van Manen. 

3. Tourmaline crystal from Tibet, j)rcscnted by Mr. Dhanbir 

KSiiigli Kliattri. 

1. J5iglit specimens, consisting of manganese -ore, associated 
sondstone nnd the underlying decomposed granite, from 
Nicopol, Republic*, of Georgia, IJ. S. S. Fi., by exchange 
with Professor Loewinson-Lessing, Leningrad. 

5. Malju'liite fioni Knmbove miiu\ Belgian (Vmgo, and chryso- 
til(j asbc'.stos from Gaths miiK^, Masha ba, Southern Rho- 
desia, from th(^ ])jivat(3 cc^Ilections of the late Sir IFenry 
Hayden, througli the coiirlesy of Mr. A. A. Vlasto. 


Ranj^oon (Uficc. 


10. In t])e Ijaboratory of the Rangoon ofTicc Mr. L. R. Sharma 
coritiniKul liis duties as Oliemuad Assistant to the Burma Oire.le. Up 
to th(‘ end of October, 193)^ 78 s})c(amoris wore 
le.ceivcal and Jeportocl upon, out of which 34 
were quantitatively de.terminod. The s}>ecimens c^xamined included 
a variety of roebs from Mogok, sands ajul clays from the IV.gu Yomas, 
lim(‘stones, lead-ores and reputed gold-ores from th(^ Shan States and 
reputed gold-ores from tlie Katha district. 


PETROLOGY. 

2b. As a result <d a- hasty visit to Pa.vagad Hill in 1905 whilst 
c,.\ainiuing I lie maiigaiuisc'.-orcj dc’posits of tlie, Paneb Mahals, I con- 
Pflvasad Mill, Ranch a papen* on the lavas constituting this 

Mahals, lioiiibay Pres- hill, de.s(*ji1)ing tliem in agreeiiicait with the 
vi(iw that tills blocb, first visited by W. T. 
Blanford, was an outlic^r of the Deccan Trap formation.^ Some two 
or three years ago, how(‘V(^r, the vicAV was advanced tJiat this hill 

marks the sitii of fi volcano of the central ty])e and that the summit 

rhyolite is the core marking the cauitral vent of the volcano.*'' 

Accordingly I asked Dr. Iferoii specially to re-examiru) Pavagad 

Hill with this possibility in view, when an opportunity should arise 
in the course of his insp(3ction duties. 

Accordingly, besides examining tlie rocks of the ChamjianPr 
series (see pages 2b) in North Bombay, Dr. Heron also re-examined 


» Bee, GpmL Surr, Ind,, XX>v'lV, pp. 148-lf.a, (1900). 

® This view has found expression in a paper hy Mi. V. P. Diihey read before the Indi«n 
Science Conpress at P(»nna this January (1934). and nJso in TrofcBBor K. K. Mathru's 
Presidential Address to the geological section of the Congress. 
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Piivagad Jlill. Dr. Moron reports that Pavagad Hill is an outlier 
of Deocan trap, exposing a thickness ol over two thousand feet of 
basalt Hows, nesting on a platform of ‘ Nimar sandstone ’ (Bi^gh 
beds), Avliieh in its turn lies uncouloriiiably on Aravalli (formerly 
called ‘ Cliampaneu series ') pliyllites. TJie basalts and tj:e sandsUaie 
liave a gteithi r.ortUeily inclination, so that the sandstone appears 
only at the soullierii base. The I'asalts <ire ca|>ped l)y a single flow 
of iliyolite, whicli is consid(n‘ably thicker than any of the basalts. 
Th(j abundant blocks ol rhyolite, often of great size, which strew the 
gentler slojitis, are all derived trom this, the only rhyolite. Its base 
is \\(‘li expos(‘d, resting horizontally upon a few feet of soit, oartliy 
red lock, wliich may (uther bo tuff, or ' mooriim ' (decomposed 
trap) representing an old land-surlace. This has in places been 
caved Iroia below the rhyolite, exposing the liorizontal base of the 
latl(ir foi* some h^et in, and proving that it is not a plug. Down- 
wards this icd rock passtis into more coherent, but still soft, greini 
rock. Additional prools are in the hoiizonlal fluxion structure, ami 
the \'(ntical jointing of the rhyolite, which starts from both iijiper and 
lower siutaces, and divides tlie flow into lude vertical monoliths. 
This jointing is not continuous from top to bottom, but 
lea VC, s a cimtral portion in which the jointing is sparser and hiss 
regular. The position of the rhyolite, resting on a much more easily 
eroded laycir, has made it liable to denudation, but it is extremely 
resistant against decontpusUiou. Tlie hard angular blocks strewing 
the basci of the lull sliow a little differential erosion of the fluxion 
layers, but the jock is very resistant to atmospheric weathering, ajjd 
it is the joints, aiid not the fluxion Ia}X‘JS, along which it bjoaks up. 
Th(i proseiict^ of the ihyolite is the factor which has preserved this 
isolated outlier irom removal. 


PAL/EONTOLOUY. 

21. Mr. D. N. Wadia acted as Palaeontologist throughout the year. 
N. K. !N. Aiyengar, Field Collector, assisted the Palajontologist 
in routine Museum work and in the determination of specimens. 
When he was on k‘ave these duties w^ere attended to by M. H, 
V^enkatram, Museum Assistant, in addition to other routine work. A. 
B. Dutt, Field Collectoi*, completed the cleaning, relabelling and 
rearranging of the Klipstein collection in the Invertebrate Fossil 
Gallery. 
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22. During tho following momoii’s have boon published in 

iho Palaconlolo^ia Indica 

(1) L. Spatli : ‘Revision of the Jurassic Oo|)haloj)od Fauna 

of Kac.ch’, Part VI of Memoir No. 2, Vol. IX of the 
Now Series. 

(2) F. Jiaron V’^on 11 none ami 0. A. Matloy : ‘The Cretaceous 

Sauj'iscliia and Oi nithschia of iho Coiitml Provinces of India*, 
Memoir No. 1, Vol. XXI of the New Stuies. 

(3) E. \j. (t. Clegg : ‘ Eehinoidea of the Porshiu Gulf*. Memoir 

No. 1, Vol. XXII of the New Sorhis. 

J3ie following papers of pahooutological int(*rest hav^e appeared 

pi the R{‘ (trds : 

(1) ‘ Strati gjajJiie Siguiiieajiee of tlio Fusulinids of the Lower 

Ihoduelus Limestone of the Salt Range’, by Carl O. 
Dunbar (Vol. LXVl, Pt. 4). 

(2) ‘ Dadosijhii zalesskyi, a new speeaes of Cordaiti^an Tre(is 

from tile Lower Oomlwanas of India’, by li. Sahni 
(Vol. J.XVT, Pt. 4). 

(3) ' A Fossil Fimtalocular Fruit from ]\>ndicherry, South India’, 

by JL Sahni (Vol. LX VI, Pt. 1). 

(1) ‘ Ajithraeolithic Faunas of the Southern Shan States*, by 
F. Jl. Cowper Rood (Vol. LX VII, Pt. J). 

Tlu^ following ])npers of j)alieontoIogieal interest are in tho Press 
and are expected to be published iji 1934. 

Pahiconiologm Indica, 

(1) L. F. Spatli: ‘The Jurassic and Cretaceous Ammonites 

and Bebminites of the Attock District*, Memoir No. 4, 

Vol. XX of tlic New Series. 

(2) F. R. CoAvpm’ Reed : ‘ Cambrian and Ordovician Fossils 

from Kashmir’, Memoir No. 2, Vol. XXI of the Now 
Series. 

23, Some mammalian bones, collected from a coal seam in the 
Kathmandu valley, Nepal, were sent to this Department by the 

British Jhivoy at the Court of Nepal, for 
<.rtcl)rakfe. examination. The collection, though frag- 
mentary, included one bovid horn-core and a largo limb-bone. The 

horn-core was despatched for examination to Dr. G. fi. Pilgrim, who 

IS Jiow engaged in the revision of the Indian Cavicornia fauna. 
Tho large limb- bone, which was suspected to bo a humerus of 

o 2 
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Bahichitkefinm, a giant rhiriocoros of Oligoconc-Miociuio ago, was too 
inij3(irfoctly ])msorvcrl for <lofinito klcntifi (nation. IJowc^vor, on com- 
parison it Wris found to roscmblc closely tlic left liuiueriis of EUyhas 
or an allied extinct genus belonging io llic family I^]lepluintida\ 

In the course of Ills work, Mr. If. M. Ijuliiri mad(^ a (a)ll<M,lion 
of viutebrate fossils from ffari Talayangar .‘>2' : 7(>'^ ‘17' 2>o"), tlui 
famous fossil locality in the Bilaspur Stale, Punjab. The collec-lion 
incJiKles a few spi'cimens that vo<n*(i purcliase<l from the local ])('f)ple. 
Tlio s])(icimens, wliudi vrere all obtained from tlie Middlf) Si wall k 
beds, hav(^ Ikumi jirovisionally identified by Messns. Laliiri arid 
Aiyengar as Dt'jfopif/icrus puitjahirus, kilg., M(ts/odon sp., Sivooinj.r 
bdihygnatfnfs (Lyd.), Pofamothmntn (^) Ifilg., llippario^f 

punjahmis(\ byd., Anlhracothcriutu {Microhanodoyi) sdisirm^r, Pont., 
Dorcathi^riam sp., Ilyddsplt/icrium mcgacephnhuK. Ly<l.. 'Thdfon'nts sp., 
Viverra sj). and a, few a-nlelopim^ premolars. 

At Malgin (3o° 19' 30": 71° 31' 30") in the Kohal. dislriet, North- 
West Frontier Province, a fiirtlicr eolhxjtion of fossil fisli was 
obtained from the, tliin shaly bands that are inier(sdat(‘d in tlui 
gj''psum at the t^oj) of ihe Salt Marl. These liavo b(xui siuit to Dr. 
E. I. While of th<^ Nhilural ilistory Museum, South l\(uisingfon, 
fiOndon, for evainination ajul descrijdiou. 

Dr. (/*. A. Mall(‘y, wlio conducted the JVrey Sla.d‘‘n 3hust i‘\p«'(|- 
itioii for the. search of reptilian fossils in the Oe.ntral Pr(>virie,rg 
and was assisbul in this woik by Mr. A. M. N. tdiosii, reports tliai 
he olitained fnnn tJm bameta depo.sits of Jiibbulpoin on tlie slopes 
of Chliota Simla Hill, about a Jiundred and foil}' fossil bones, cojisi;,!- 
ing of teeth, skull, limb-bones, V(trt<ibr;u, etc., belonging to tlie 
sHuropod and thiuopod dinosa.uriaris. Fie is of tln^ ojiinion that 
in this collection are included Jiitherto unknown ])arts ol the anatomy 
of dinosaurs, lie also believes that it is probable that all of the 
sauropod bones belong to a single individual, a circumstance which 
may help us to olitain a fuller knowledge of the size and shaiie of 
individuals belonging to the s])eoies. Dr. Matloy mentions four new 
localities for fossil reptiles in South Rewali, namely west of Miinda, 
south of Maliagiira, near Ghunghuti on the Kachodar road, and 
south-east of Lakhanpura, from all of which diiiosainian remains 
were collected. In addition, he collected fragmentary limb-bones at 
Amakhoh. 

A visit was also paid to Pisdura in the Chanda district, where 
besides dinosauriau remains, a fish vertebra and a largo number of 
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fragments of a chelonian carapaeo were obtained from the surface of 
}>loug]ie(l fields. Associated with these were alnuidant fresh\rator 
gasfropods - rakidina, Limnaea, Biillivm, vie.., eliaraeteristic of 
Intertj‘aj)pean l)e(ls eJsewhcn'e. 


'21. Tlin l•<^alTallgeluent of the whole collection in the Inver- 
tebrate gidbay lias been completed ; all tlie liidd colbuiions as well 

, ' , , as the duplh^ate collections are. now arranged in 

l^^cr(ebra^c^. . /. . "- 

st ratigrapme oj*d(ir. 


A coll(H-.tion of pri^pared spccimors of Upper Cretaceous and 
Eocene liim^stones and marls from North-AVest India, (xmtaining the 
smallc]' foraminifera, lias been sent on loan to Mr. Dale Condit of 
CaliJornia University for study and comparison with micro-protozoa 
obtained from di ill-cores of borings for petrohium in the Bahrtin 
Island, Persian Ciilf, l>y the Standard Oil Company. The results of 
this exanunation are likely to be of considinable value for strati- 
graphic purposes. 

Dr. Matley and Mr. A. M. h). Uhosli found an abundance of fresh 
water Ibuonida* in tlie Lamota si^arp north of Amakhoh, Jubbulpore 
district. Ac.cording to Dr. Matley tins is the iij*st find of molluscs 
in the La-meta^ of Juljbulpore district. Fresliwat.er Intertrappeaii 
molluscs such as Pahidina, Lriiinaca, Ballinas, etc., were also dis- 
(‘oveied b}' tliem at a number of liitherto unriMiorded localities, 
especially east of Pinaora, Kewali >State. 

Dr. M. Jv. Salmi rcjiorts the discovery of several new Middle 
Jurassic (Hathonian) fossil localities in the Xoithorn Slian States. 
The most imfiortant one is situated about half a mile oast of Kongniin 
(23° 45' : 97^^ 55' 30") and aiiotfun* about a mile south-east of Kawmg- 
hka (23^ 50' ‘)0" : 97° 59'). The chief iuterertt lies in the presence 
of prolific lanudli branch faunas at both these localities. So far, 
])ractically no Bathoniau lamellibrandis have hern desc.ribeil from 
the Northern Slum States, llie faunas ixuisisting Tuainly of tln^ Brach- 
iopods Barmirhijnchia aiul Ilolvothyris, Bolli tliese gemua have 
been found at Koiigiiim assoeiatod with lamellibranchs, but they 
are absent from Kawnghka. Among (he spixics identified are Burmi- 
rhynchia navductisis, Buckmau, B. irregularis^ B. scnelis, B, shanensis 
B. kpalaiensis, B. namyuensis, B, depressa and Holcotfiyris pinguis, 
IL expansa, 11. angidata, as well as new' species of Ilolcothyiis and 
Burmirhynchia. The lamellibranchs belong to the genera Leda, 
Nucuhy MytiluSj Crassatellites, Astarte, Thracia, Pecten, Ostrea and 
Lima. 
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Anotlior ia1crosti]i" find is n Fusalinid, prohnlfiy nllfijd to /SV/^^rn^- 
^rinn, from Ihn riatnan Iiim<\sf.omi. 

Knfi'nnKu^ wns mfid(^ in Inst y<^nr’s ro])OTt to tho collortions of 
fo.«;.sils ohtniiKid l)y Mr. V. ]\ Sondhi from SoniJiorn Slum vStntos 
;uid soiit to Dr. K. U. (^wpoi* Rood of Sed_t^<nvirJc Miisoiim, 
Oamfiridf'f', for <‘xamiiiation. Dr. Cowper K(‘,o<l has siiic.o roportinl 
llut thrro is snffiuuail material lor a nicanoir in iJui P((!a{ ontoloaia 
Indmt. ]i(^ has, h(m'<',v<‘i\ !)u<m roquostt^d to dof<‘,r th(i pro])aratiou 
of such a momoir mii-il lio has (^xamiuod further fossil culfi^etions 
obtained l)y Mr. Sojuljii dnrinp. Ilia past field season from an area 
adjoiniiii^ the <jne from Avhhdi the pn-vicnis (‘olleetions were o])tain(jd. 
Thes<) collections, whfi'h coine from 12 loca.lituss, luivo been regisler<;d 
in th(i Rangoon 011ic<^ aii<l liavt^ Ixam lorvv"ard(Ml to I>r. (Jow[)er Reed. 

The collections made by Mr. P. N. Mnkerj(‘o from th(^ Bagh beds 
of Jhabua and Ali Raj})nr M(at<‘s in (-<‘ntral India are notu;ed on 
page 71. 

25. The int(n*estjng colled ion of plant fossils coJIoctod by Mr. 
N. K. N. A-yengav of this De])artment in th<^ Parsora, area, South 
Kewah, has been sent to Prof. B. Salmi 
of tiie faickmnv IJnivei’sity For examination. 

Prof. Salmi has (iontinued hi.^ reseandies on the post-(ion<ivvana 
llora of India both on material su])plied from Ihis Depa.rtmont and 
that collected by himself, the result '! of which are to be iin^orporateJ in 
his fortlicorning monograph on the fossil monocotyledotis of India. 
Interest iiig results have been oblaimul from a detaihjd study of the 
silicitied flora of tln^ Dt'ccan Intfutrapptsan beds of the Nagpur* 
Chliindwara are, a, whicli, according U» ihofessor Salmi, hmd su])port 
to the view Diat tlie Inals may be of Kocenc» ajid not of Upper Crota<^- 
eous age, tlie alfinities ol tln^ flora as a. \\]iol(‘ biurig decidedly Tertiary 
rather than Crctact‘ous. S]i<Ji a view, is, of course, opposed to the 
general view that the main ]>ortioji of the Deccan trap is Macs- 
trichian and Danian in age, as jinlged from the marine and fresh water 
mollusca wliich abound in some of the intercalated sediments both 
in the Peninsular and (^xtra- Peninsular area.. The main features of 
the TntertTappoan florn are : a, very m«‘wled pro])ondoraiice of palms, 
a group of which appeared first in the Cretaceous, but gained enorm- 
ously in importance during the Tertiary ; the occurnmeo of Nipa- 
(Ules, a genus more tyj)ical of the Eocene t han tlie older system ; 
and the occurrence of an undoubted species of Azollu in some chert 
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blocks colloctod by Mr. H. Orookshank from the Sausar talisil of 
Chliiiulwara dLsirict. The only previous fossil record of this genus 
is from the Tertiary of tlie Isle of Wight. 

Th(i Department’s collection of the Indian fossil monocotyled- 
orious flora, (joiisisfJng of some 5^1 speci(^s of petrified stems, fruits 
and leaves, is Ixniig investigated b}'- Dr. Sahni and he finds it possible 
to make some gimeral observations thereon. The great majority 

of these fossils consist of petrified stems and thus our knowledge 

of the fossil monocotyledons is chiefly ])ased upon the anatomy ; 

this is satisfactory from th(i point of view of specific < letermiiuitions ; 

but, oji tluj other hand, owing to the searcily of leaf- impressions 
our knowledge of the lial)it of these jdants remains itieagre. Perhaps 
the most striking feature of the Imlian fossil monocotyledonous flora 
is file great prepond(*rance of palnis, the only other families yet 
definitely recogjiised b(;ing th(‘» Gramineae and the Ziugiberae.eae. 

Daring a visit to Jatta (33° 18' 30": 71° 17' 30"), Kohat district, 
North-W(',st Frontier Province, Mr. E. K. Gee found well-preserved 
fossil leaves, probably of diootyledonous t}q)e, in certain thin bands 
of soft clay and sandstone that are inlerstratified with the grey rock- 
salt of the salt (luarries of that area. From the red m«arl associated 
with the rocksalt and to])most gyj;sum, lie obtained a number of 
foraminifera. 

'Jfi. During the year under revitnv', presentation of fossils wore 
Donatiojis. made to the following institutions : — 

(rcoloyical Purvey of the Dutrli East Indies^ Bandomy, Java. A 
<;ollectioii of vorOibrato and invertebrate fossils. (Py 
exchange). 

(jlcoloyical Survey, New South Wales, Depart nicnt of Mines, 
A'lisiridia.-' Penno-CUrlioiiiferoiis fossils from the. 

Salt Ivnnge, Punjab. (Py exchange). 

Palaconioloyical Mmscum, Munich University \ Natural History, 
Geology ami Palaeontological DepartnwM, Vienna University 
American Museum of Natural History, New Yo'rk ; Peabody 
Museum of Natural History, Yale University, New Haven, 
Connecticut ; National Geological Survey of China, Peking , — 
Small collootions of fossil corals from the Jurassic beds of 
Kachh, Western India. 

Osmania University College, Hyderabad, Decean . — A represent- 
ative collection of fossil vertebrates, invertebrak^s and plant-s. 
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University of Liverpool^ Department of Geology. — A small oolloc- 
tioji of fossils consisting of vertebrates, invertebrates and 
plants. (By exchange). 

Judson College, Rangoon University, Rangoon.- fossil 
plants from the (Jondvvana forjuatlons. 

Geological Survey Department, Tanganyika, Dodoma, East 
Africa. — A repnjsontativo collection of veiLtibraits inverb*- 
biate and ])lant fossils of India. 

ilengal Engineering College, Sibjwr. — Ab^ ut laghty fossils con- 
sisting of veitebratcs, bivcrtcbrates and plants for educat- 
ional purposes. 

During the year donations of fossils or casts of fossils \C(iic 
re('eived eilher by exchange or l)y prestuitation from the following 
institutions or persons- 

University of Liverpool, Department of Geology. — A collection of 
Ordovician and Silurian grajdolites of hingland. (J3y ex- 
change, through Brof. 11. Jl. Reed). 

Royal Sehool of Mines, South Kensington, London. --Homo l^ilaeo- 
;ioic and Mesozoic inveitebrati' lossils of Emope. (By 
<‘Xoliange, tlirough Prof. Morley Davies). 

Geological Survey of the Dutch East Indies, Bandoeng, Java.- A 
collection of vcjtebratc^ and invertebrate fossils. (By 
exchange). 

Geological Survey. New South Wales, Depat trnent of Mines, 
Australia. — A small colI(jction of Permian fossils. (By ex- 
change, througli Mr. AV. S. Dunn). 

Mr, E. Goodwin. Superintendent, Northern India Sail Revemte 
Depaitnu:nt.-- A number of Lower Siwalik fossils from Mal- 
gin, Kohat di.strict, North-West Frontier Province, 
including a portion of the jaw of a rhinoceros 

STRATKiRAPIlV. 

27. In the Paneh Malials district and Rewa Kantlia States, 
W. T. Blanford^ has described the metamorphosed sedimentaries 
east of Pavagad Hill under the local name 
paifer beds^ * Champaner beds, leaving the question of 

their geological horizon open. Dr. A. M. IJeron- 
in 1917 suggested that the nearest analogue of the DoUxi system 

* Mem, Qeol. Svrv. Ivd., VI, pp. 189, 202 (1869). 

*Op., cil., XLV. Pt. 1, p. no, (1917). 
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is tho Cliampanor series. Dr. Heron’s examination of the Champaner 
rocks this year has shown that this suggestion is untenable, as they 
have no particular niseiublamu) to tJie rocks of tho Delhi system, 
but are litliologic.ally identical with the Aravallis of Kajputana, 
with which they liave in fact been provtul by Dr. Heron and his 
party to bo continuous. 

1 have myself in the past given sonn' attention to the nonnm- 
claiurii of th(\sii ancient rock scales, and in the coiirst^ of my study 
of iJio )na.ngancsc-oro deposits of India was led to (jonclude in 1909 
that' ‘ th<i series tliat have reetdved tho following names, arrangiai 
in ordtii* of [uiority, an^ roughl}' conteinporaueous : - Champan<n* 
(18()9), Aravalli (1877), Chilpi Ghat (1885), Dharwar (1880), and 
portions of tho nn‘,tamorp]iic Jind ciystalline complex- of the Nag])ur 
and llalaghat area, (Ji'-ntral Provinces’. 

Comerning tho use of th<\sc terms 1 wrote as follows (/oc. cit.) : — 

With icgfird lu I lie «(ii(hlioa as to whioli trim is to bo .idopt(‘d iii pioforcnco 
U) tlio olli('r.s, it is ()i)\ioijs that <u euidiis*^ to th«‘ rules of prioiity tho Iona Champaner 
sliould bo used. 'Tliis, h(»ae^'r.", is tho iiaiiie that has boon tho least used of all, 
^vhiIst tlial uhieli hci> bei u exteiidojl (o ilie laraest inimb'er of areas, has j>assod 
into ijioht Laneral nsi-, and is known test to .i'Oo1o<tis(.s a.nd niijuis, is the tonn 
Dharwar. the laiuiliai ji \ ol the name bejug hue^ely duo to tfj(‘ fact that the aurifer- 
ous veins ol iMy.‘ on aie '.'itualed in tli< unks lo wliieh this name a\ as originally 
given. Since, liow( v<‘r, Ihe stiiet (.ontein])oran«‘ity of tlu'se in \aM’oiis pail.s of 
India has not and ik vei eaii b<‘ pio\Ml, paitly boeause they aio situat<‘d ui isolatcMl 
aieaa and jairllv because it d<ves not s«.('in picdiabli' lluit the sedimentation iji the 
dilteieiit area.', can hau' staiti d ajid tuii.'-.lied at ovaetly Ihi' sann* points of geological 
time, it will jaobabiy always h( (onsidered [uelcialde to ('m[)Joy tiic local iiauK's 
with a gcTKial undi rstanding as to th(i» lough efjui valence. When, liowa^ver, it is 
d(‘.siral)lc to treat the rocks of the ditfcjent aieas as a whole, it Avill be la tter to 
use the im^st familial ol tho loeal names, namely Dharwar, Ui preference to that 
which has pihuity on its side, but hat>])ens to be (he lea^t giiuially known of all 
namely Cham pa m /•.’ 

It is very .sidishudoiy that Heron ha.s now been iiblo to prove 
dciinittdy by continuous map]>ing tho cquivnhniro of two of these 
series, namely the Aravallis and the Chain])an(us, and in accordance 
with the reasoning of the paragrapli quoted above, I agree with 
him that the term Chtmpaner can now be discarded as a local term 
in favour of A rat alii throughout Rajputana and North Bombay. 

Tho d(dlnite proof of this equivalence is particularly important 
as enabling ns to effect a measure of correlation between the old 

1 Me7n. Geol. Snrv., fwd., Vol. XXXVII, p. 283, (1909). 

*Now known as the Sausar series. See Rec. Qeol. Surv. hid,, LIX, p. 78, (1926). 
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rocks of fiajjuifntui ;iinl aiwic.ut schistoso formations olsowhoro in 
from f^ijpulaTia and North Bombay am s<ipai‘ated l)y 

Iho maii^ Iraot of Iho ])(‘<*CcUi trap tormation. Ohampaiior 

rooks of (Jnjarat ami Iho Aravallis of JJiabiia both cojitain maiigani- 
bu'ous roc-ks, which 1 liavo lon^ rogar<le<l as probably ooiiloinporaiu^- 
oiis witli tho gonditki rocks of the Oimtral Provinces and (iangpiir, 
fonniag a, parh of wliat we now temi tlic Saiisar series ; and as the 
ma[)])ing of Dr. Krislnian in (hingpnr State has sliown the 
])osilion of t]ie Saiisar scries with respect to the Iron-ore stnhis ol 
Singlihhuin, we are now' well on the way to being able to effect a 
witisfjodory corndation of th<‘ AravalJi ro(dvs of Pajpniaua and 
Nojlli J Bombay with tlie rocks of Dliarw'arian type in tln^ (‘entral 
1‘rovinces and Chota Nagpur, assiniiing that it is sah^ to utilise tlie 
inajiganiferons rodcs as a si rati graphical datum line in tlui Archa(‘ans 
liaving ihe saTue impottauic«^ as (‘harac.tm-istic fossils higher in the 
strat igra[)hic.al serpieaice. 

28. In the Annual lleport for the year 1931*, it was stated that 
Mr. D. X. Wadia was able to prove on the evidence of fossil 
trilobites that the thick series of slates occupy- 
^^KaslimV mountains ladween the 

Kisliengaiiga and Middlerniss aiid Bion’s ar<^a. 
in the Sind valley of North-Wesf» Kashmi]* is of Cambrian or Oaml>ro- 
Silurian age. Hit) whole of Mr. Wadia’s collections from lids slate 
zone Avere sent to Dr. C(nvj)er Heed for his examination and descript/- 
ion. The results of Dr. Ibied's study have been received and they 
])oint umrdslakably to a Mnldle and Up})er Cambrian age for the 
fossils from (Ju; s]at(i belt. Dr. Ile^Kl has ifJeiitifi(Ki 1(1 genera of 
trilobit<‘-s and scv(ui of brachiopods, tho luajority of tlu*, gemera an<] 
abiiost all the. spiscie.s being new to Tmlia. Tlie most interesting result 
of Dr. Heed’s idiuitifieation is that theie is little resemblance to tho 
faunas oi (jorrespondiiig age in the Spiti region of the Central Hima- 
laya, in the Salt Kaiige, or with the little kjunvji Cambrian faunas of 
Persia and the Dciad Sea, but there are several noticeable links wdth 
the Cambrian of French Tndo-China. One of the most remarkable 
occurrences is that of tho genus Tonkinclln found pi’cviously only 
in I’onkin. 

The Cain]>riaii system as developed in Nortli- West Kashmir shows a 
very full development, aggregating 7,000 feet in total thickness of 
di‘, posits. This is the first recorded occurrence of marine Cambrian 


> fiec. Ceol. i^vrv. Ind., LXVJ, p. J22, (19:52). 
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d()|K)sits on tho south of thc^ )nain orystalline axis of the Himalaya. 
Fi'om tli(^ |)oint of vi^ov f)f llinuiLiyaii slnitigra[)]iy, however, tlie 
ehi<if interest of the ])n\seul artiii lies in tlie n^Iatiou of the Punina 
sljite zone of t]i(^ niiiMIe IJinialayan i'ang(\s witli tJie fossilileroiis 
(Jiunluian. ON'nr (tvidence of a eonfornui l)le, if not a gradual or 
transitional, })assag<^ of the nnfossiliferoiis slates into hetls btiaring 
annelids and other iiKlubitalhi organic remains, and of these again 
into strata <*.ontaining trilobites and brachiopods of Middle Oa.mbrian 
a.llinituvs, has beo]\ obtaimul by Mr. VVadia in a numb(ir of sections 
along t]i<^ <»ul(‘r margin of the marine INdaeozoie basin of Hundwara.^ 


FCONOMIC ENQLIRIUS. 


Antimony^orc. 

29. In a. t raverse across tho Pindya range, Mr. Sondlii saw some, 
old wwlsings for stibnite jnst to the sontli of Mcme-taung village 
(20’^ ebb' : 27'). Tln^ mineral otaairs (dose 

lo the surface, ap]>arenily in a north-south 
V(nn iji a highly argilhua^oiis linusstone wliich 
weatluTS into soft yellow (day in (dusters of aediuilar, radiating 
crj^stals. It was worked in a small way many years ago.- 


SoiiUicni Slum Stales, 
liunmi. 


Apalite. 

;>(). (Jontiuuing the survey of the copper belt south from MusJia- 
bani iniiK^, Hr. ])unii visited IIkj inagiud ile-apatite dt^posils at ibidia, 
Hhadua, Kan)'ahd<a, Sunrgi, and Khejurdari 
**'*'*^ Hlialbhuiu, examimd by m<; some y(\irs ago 
when they w(*.re, Ixdng worked by th<) Cheat 
Indian Phosphate (.‘oinpany.*" Tlie mining of these deposits has since 
(ujmphitely ceased. 

Dr. Dunn’s syst<muitic survey has demonstrated the (dose relation 
of these deposits to outcrops of tongues of soda-granite whiedi 
ascoiwh^d along the thrust zoiu^ in Singhblium. With the sulphides 
th(^so apatite hmses show a zonal deposition : along the strike of the 
thrust zone apatite deposits are found close to or within granite. 


1 Op* at*, pp. 122-123. 

* ]{ec. Oevl. ,Svrv. Ind,, LXVJI, p. 242, (1033). 
9 Op. at,, L, p. 14,(1919). 
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whilst sulphide deposits may bo sc^voral miles from an)^ known granite 
oulerops. ' 

The a])atite and magnetite are now rogarde<l l)y Dr. Dunn as 
having (‘,iystallis(‘d froin dtdinile melts and not, as previously thought 
by him, l)y r(^a(ttion of solid ions ^\inl the ‘ eountry ' rook.- 'Hie view 
adopted hy Tiie some years ago was tliat the magnet it e-apatito-roeks 
migld. have betm exp('ete,d to ho igneous iutroduet ions analogous to 
the afiatitie magindite ore-hodies ol Lajiland, but that tlu' fae.ts would 
be better explaiiual by regarding tliese rooks as dia^ to piummatolytie 
introduotiojis from tin* Singhbhum granite.*^ 


Asbestos* 

81. Dr. A. K. D(‘y repojts tlie occurremai of asbevstos a])[)ar(mtly 


r(‘S 111 ting Irom t]l(^ 

Siir.ilibhiinn Hihar 
and Orissa. 


alteiation ol basic and nltia-basic jocks of tln^ 
Dalnia suite at localities about half a mile 
S.8.h:. ol Ji]>ko<.ha (22^ 25' : 80^' 80'), noiili- 
east and 1} miles east of Mahes])ur (22'' 28' : 
80" 80'), and 1 miles w<\st of Chirutanii (22" 2d' : 80" 84'), in 

Dlialbhum. 

Barytes. 

82. Air. Soiifllii repoits the occmrerice ol barytes in the south- 
east tu'ii ridges ot she(‘t 08 C/lO at two jihuass in the Tliitteikyan 
))eds. ()n<‘ alamt l i miles E, 8. |C. ol liill 5,008 Irct 
anotlie)’ hall a mil<‘ south west of hill 5,028 
f< et. At. iMcli place the. outmop is Ijojn 12 to 15 
bad; long and fjom thiee to live feet wide. 


Bauxite. 

88. Dr. Salmi n'poits the occiuKmcc) of a small outcrop of a 
pisolitic residual rock on dolomit(‘S ol the Jdateau Jdmestono near 
the Ikdaimg A’illage of Pangnim (28" 88' : 97" 
Biirniar^” Asorthern SJiaii States. The following 

is tho average anal}'sis of several sjiecimeiis : — 

Per cent. 

8iOo 33-19 

Al,Oj 32-67 

15*81 


^ 'the rougli zonal (listribiilion of these and some other ore-depof^ils in Singhblmm 
was discussed by me in 5Som(' rrobie-ms of Ore Oenebis in the Archaean of India’, Prec. 
As, Soc. Bevg.y (New 8eiies), XV, ])i). cLxxxviii-cxci, (1910). 

* Rec, Geol, S^lrv, Ind,y LXlll, p. 28, (1930). 

»Oi). cU., L, p. 16,(1919). 
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Whether this Is to ho regarded as a very siliceous bauxite or a 
])isolitic aluminous clay ilepcnds ou whether the silica is in the iree 
or comluruul condition. 


Beryl. 

Tieryl Is a minej’al occurnuices ol‘ which are ahxays worth 
recording (uther fioin tlie economic or the sciimtitic point, of vicAV. 

K(ionomic-a.lly the minend may be, ot um eithci’ 

.Mid™ri'rcsi(lcllcr iMiiyllium 

for ])t‘.ryl]uim alloys. Scientilically hcnyl may 
Ix^ of use as a,n indi('ator of tln^ minimum age oi th(i containing 
rock. 1 

It is for the last reason that one may mention th(^ o(‘.ciiirence, 
noticed by Dr. V. K. Ohosh, ol small <piantiti<‘S of bmyl, too greatly 
chaiv(‘.d and fracdur<xl to be used as a gemstone, from some new' 
lo(5alili(‘s in the mic.a be,lt of LSellori‘, viz., Irom tlie PaHimila, and the 
Virabhoga and Hiistiim mica mines. 


Building Materials. 


Sitii^hbliimn 
and Orissa. 


lUbar 


cjo. In (h<5 nt‘,ighbourhoo(l of DJialbliumgaih stalion, Dhalblium, 
a ptibble, bed, whicli forms the bas<‘ of a g:oiip of st'dirnenf re,- 

gaided by Dr. Dunn as ol late 'JVrtiary a,g<‘. 

(s(x^ ])ag(^ .s:;), has Imx'ii t‘xle]isiv(dy (piarrjed 

for many yt‘ars ami iistxl as raih\ay ballast. 
South of tlj<‘ saline station massive wlnU) (|uart/ \'(‘ins ni a b(dt ot 
mica-sclilsts are. ludng (juarried for ro.ad metal. 

3f). Dr. A. K. Dey r<‘,ports that tin* |)j‘ii)ci}>al source of linui in 
Dhalblium is lanlar which ocems on tin*. sur{;n;e id’ tlie Ii’on-ore 

series. Occasionally, how'evei-, a kind of calcareous tufa, usually 
containing a net-work (d tubes, is found in tlio crtivice.s of (piarlzilc 
or as an incrustation on it. The sup])Jy is limited. 

The deposits arc locally known as Uf^lmrhar-, mtjaning demons’ 

bone. The deposit muir Dasadera (22^ 10' : 30'), recorded by 

Ball^ lias been nearly worked out. In course of his WTuk in I.)hal})liuiu 
Dr. A. K. Dey fouiia two other dejmsits of such tufa in the 
quartzite cropping out in the nalas to the iiorth-wost of Bakrakocha 


* Ijord Rayleigh. 

» Ball, Mem. Geol. 6*wrv. JmL, XVllI, p. 49, (1881). 

• Loc. cii.f p. 88, 
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(22^ 24': 80^ 30') and 1? miles north-west of Khojurdari (22° 24': 
86° 33). The siij)])ly is vc^ry limited. 

37. Mr. r. N. Mnkerjee rej)orts the oeeiiiTence ol well-cleaved 

and liru^-graiiied pliyllites and slates, in abundance, in Jambughoda 
»Sta.i(u l*iinc]i Mahals distjict. Tluise roe-lcs, 

Janibiij;hoda State, belong to the Ai’avalli (Cham])auer) s(U‘ies, 

IJuinbay PrcsKieiK}. n j i i i iw . 

are very well (l(iveJoj)ed L)etwe(ni tlie old tort 

of J\'anikot and tlie village of Jaban (22" 21' : 7‘/' 11' 30"), on llui 

vSliivrajpur-Jambiiglioda roinl, and might allord good rouling slates. 

:>8. Mr. P. N. Miikerje() also reports tliat the lulratrappean 

gritty sandstone, mair Natldcna village (22° 26' : 73° 35' 15"), sontli- 
(^a t of Tavtigad Hill, conlains ijiiuimerabki, 
.1 Paiab (jnaiTies fjom nliich came Iniilding ston(3 used 

in the old city or tiuunpajier and llie extensive 
fort ilical ions of Pavagad Hill. 

30. The Tawng Peng granite is, so Dr. Salmi reports, locally 
used as a building si one for l)ridg(5s ainl wells. Nearly all tluj 
bridgtjs in the granitt'. ari'a are cojistrutded 

blodvs ; but no big (piarrics exist 
an<l file luati'.rial used is, tluM’efore, weath- 
ered and not very suitable for tlie purpose. lloAVover, when 

suitably quarried tlie granite should make a good building stone. 


Chromite. 

do. Dr. P. K. (diosh was <hqnited to report dming the st^ason 
on the occurrence of chromite in tlui Patnagiri district. Accoiding 
to him, the deposit occiiis in the valley 

l^mlbay PfLidcncyl"'’*’ li- of 

Kanakauii village (16° 16' : 73° 45'), in the 

Dovgadh taluka of the J^atmigiri district. 

The deposit occurs as a roughly E.-W. dyke or vein, about half 
a mile, in length, with a \\idlh varying from 30 to six feet, and inter- 
secting the foliation of the older, 2)re-Cambrian, gneisses and schists. 
It is probably also of pre-Oambrian age. 

The ore-body is associated with sorpejntine which appears now 
and then at the centre of the mass. There has boon no separation 
of clean ore ; instead the (hromite occurs mostly as ilisseminaled 
grains in serpentine and chlorite. Assays yield 34 to 41*58 per cent. 
Ci-g O3, so that unless the quality improves with depth the ore will 
not, without concentration, be of much value in normal times. 
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Clays. 

41. According to ])r. P. K. Ghosh, a bluisli ]ilastic cliiy, i‘ouf\d 
ono niilo S. H. W. of Gogha 41' : 72^ iO') in Kathiawar, is used 

for making casts and moulds. It is exported 
l^oinbay large quantilh^s to Jiond)ay, ))ut no joturns 
of its production are Jivaila ))](*. The day 
Jormatjoii is a member of the Tertiades cx])oscd in lh(‘. neighbour- 
hood of Gogha. 

42. A<*cordijig to l)r. P. K. Ghosh also, there is a Giiina clay 
de])osit in iJie now (^xtijict Malatippa mica mine, lialf a milti injrth 

of Ivistuma mica niuu; (Jd"" 27': 7\f 40'), 
MaS'l^csiilci'cy!'’'’ di.siri.:t, Aladnis Proftidoncy. Il, r.ijmis- 

cuts a highly kaolinised j)egmaiitt? inliudod 
into (juart/ite, and llie burfac.e-ex])Osure measures about 2U le. t by 
tJirce The d<‘])osit may bo ol local ijuportaiice-, but; its 

iKurow width, combiuiMl with thu> lugldy inclined nature of the 
original pegmatite, would make its working rather diUicult. 


Copper=orc. 

43. On tli(j (^asb^rji scarp of tlie l^indaya range* wesst ol Za-wgyi 
village (20" 5u' ; 9(3'" 40'), Mr. fSoudlii di8cov<‘,rcd a vein about lluec 

loot thick, consisting mainly of barvU^s ajid 
Biunm**^*^** containing snuili amounts of 

malaeliiie. 

44. During tin; seasoJi 1932-33, Dr. J. A. J)unn ('omple.lcd tht> 
survey of the cop})er b<4t, Singhbhum. Goiitiiiuing south Irom 

Mushabani (Mosaboni) the old workings one mile 
^^**^*^*^ south, at Badia, were oxamijied. It is 

obvious that the Badia and Mushabani deposits 
arc associated with the same zone of miiieraUsatiou. '.rhe evidoiice of 
veins north of Mushabani, that is, west of Laid^csi’a, and those 
at Badia, suggest that west of the present Mushabani mine 
lodes there is the })ossibiLity of a conthiuom mineralised zone ad- 
jacent to the western edge of the soda-granite vvdiieli forms the 
‘ country ' of the Mushabani lodes. This lino well deseis^es prosi)ecting, 
even if only because it vvoidd be so c‘asily and cheaply investigated. 

With commencement of development of the Dhobaiii lodes and 
the favourable natiue of these other adjacent lodes, the prospects 
of a suecosaful future for this mine are, according to Dr. Dunn, 
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bright —])rovidiii^ of courso that capital and plant capacity aro 
Iv('p(, w<dl Avitlun th(' known oro reserves. 

vSoiilli from Badia the tlinist zone, wlikdi has in the section to 
the norfli Ixsei the determiniui^ factor in th<^ localisation of payal)h‘, 
J()d(^s, jrrmdiially dies out and no co])por lo<les of any importaiKs^ 
are found. In th<^ ^j^ranitc to the ii' rth-we t of ]JaIiara< 4 ora. (Bhaira^ora.) 
ho\\(*ver, several lines of aue.ient eojjjjer workin; 4 S show fealurcnS 
siifHcac'iitly a I tractive to warrant future pn)sp(sdiiiy. 

Dr. Diiiui has studied both tlu^ Ifa-kha. ami Mnsha-harii or(\s ))v r‘‘ 
fh'ctod litdit. has (h'tected the pnrsemaj of a nickel sul])]iid(i 

whose pi'cuKuties identifv it with the recently f niiul ran^ mineral 
violarite. Tlie colour is, ])oAV(‘v<‘r, ,ealona.-w]iii(‘, instead of the tvfucal 
violet of uornial viola rife : luit similar i^alena. wliite sjaieimeus hav<j 
l)eeu des(‘ril)ed in AnuahM. In (In*, Sintdikhum ores violarite replaces 
ivmtlandite If) a vaiianh^ (wtent, and is the mf»si ahuiiflant nickad 
sidphid(‘. Auotln^r nichehhearinj^ sulpliule, idfudilifsl as milNuito, 
rf^phices aufl is int<*rerown with pyrrhotitfs 

T]ie so(juonc-e of I he sidphid<‘s in these ores is apparently f)}Tit<i, 
pyrrhotite and j»ent1aiLdit<‘, violarite and juilNuitf', chalc.opyrite. 
Minute amounts of other minerals not yet determimsl are also 
presfuit. 

Dr. Dunn lunv con(;]ud(‘.s tluit although the apatite- niaiiiietilf^- 
rocks and sulphid<'s heloji^jf to a lat<'. pha.se of miiu'ralisadloii l»y tjie 
jLp'anite tf)n,i^ues inlriulfMl a!on<r (lie tliriist zone, tlu'.y weni dfd>osilcd 
from se]»e7’ate solutions. 'Hie earlu'st was a simjue apatite- jna<rn<d ilf) 
melt, which (awstaHisful out at lii^h tein[)eraturf*-s ; tlie latest sul- 
plii<l(‘S vvfu'e dfd>osit(‘<l at mucli low<u' tem[M*raturf‘s. 

4h. Mr. thooksliank re^ports ^reeu malacliite stains on the surfaec 
of a l>n‘(‘f ij«t<*d (piaiizitc f-lifT nortli of Mmulajiar (IS'' Jt)' : ST^ 'j(i'). 

A little copper- boa i'ini( ])yjitcs is disseminated 
Provinces througli this quartzite for a distauee of about 

t iKi mile. The oociiiTcnce is of no ocoiioinic im- 
])ortance as the amount of ])yritt\s pr(*-sent is ver} small. 

A small boulder, richly impre’rnatial with suIpJiides and malachite, 
was aksf) j)ick'<‘d up on a jungle path 11 miles south of Bakanar (J8"’ 
53' : 81"* 41'), but the source from whi<di it came could not be traced. 

Engineering and Allied Questions. 

46. At tlie instance of the Corporation of Rangoon, Messrs. 10. D. G. 
Clegg and V. ik Sondhi reported on the geological aspects of the 
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Gyobyu and iNyaiiuglobin Lak<^s .scheme, which is one of t]io few 
. . lhat aim at sni)i)lvirm Rangoon with water by 

Nyaiifiglchiii l akes gravity Irom western siopcs ot tno i'ogu 

Himiilf* Vomas. Tlie two cat(!hmeiit areas lie within 

ilie lllaing Yoma 7*es<*rv(^ forests on .sheet 91 
C/3, six to eight miles from Taikicyi, a town ahout 42 Tuiles from 
Rangoon on the Prome railway lim^. 

Both the e.atchimmt an^as li(‘. (a)mplet<dy (mclosed within rocks 
of the P(‘gii .seri<\s, but IIkmi geological striieture.s differ. The 
Cyobyii (;a1(hment ar<*.‘i, of 13*1 S([na.n^ mil(‘s (*omprist‘.s the Gyobyu 
cha^^ny and its tributaries of wliieh Ihe most im]»ortant is the Mezali ; 
and with a dam of ahont 121 feet in lieight a1. tlui sit<^ .selected, 
a yield of 18 million gallons per (.lay is estimated. 

The r()(^ks of the Pegu series in tliis ai<*a. consist pi’edominantly 
of .sha.b*.s intercala(<jd with sandstoTU‘S. Jn general tlie shales are 
wcll'boddod, micaceous an<l sandy an<l an^ interlaminat(Hi with 
thin laviU's of line sand, but pure bliu^ shales are not unknown. 
The sandstones are Tno.stly V(ny iine-graimKl with very little cement- 
ing mat ('rial, and most of the IxmIs sec'm to be eonsoli(lnt('-(l by pn^ss- 
uro alone. From a fos.sil bed in tln^ higakyi (Xagyi) rhaimg^ about 
a ftirlong and a. half U]).str(‘am from its (‘.onfluencc^ with tJie i\f(‘-/,ali 
rlidfouj, uliieh e.ojusisted of many b»ok<m JamelJibranchs, a Can/ i dm, 
tog(*/thcr with a numb(*-r of fish ieeth allicMl to Carrharodnn iHiynh)(/<m., 
Aga.ssiz, and Carduiria {Rriia}0(/oit) rgrrtouK Agassiz, W('n^ obtained. 
A partly rolled pi(M3e of fossil wood, aliout six inches long and thn^e 
inches broad, was also enlloctcd. 

In tli(i main Gyobyu valley and the larger of its tributari(?s, a 
highly f(;rnigin(jus d(*])osit of rolk'.d p(d)l)h‘.s and grains of soft sliale 
and sandstone ovcuiies th<3 iiptiiriKHl (‘,dge,s of tlie Bcgu rocks. Tin; 
l)ed has an average thiekncjss of about t(‘n l e(^t and is strongly cross - 
laminated. It is in turn overlain ]>y silt, terraces, tlui rcaiiains of 
three of which (^xist in lh<i Gyobyu valley. Tlu^ feirugiuoiis bed 
as well as t,]io torraco.s will be totally submerged when the dam is 
built and the water ri.stis to the intended height. 

The Gyobyu catchment area is synclinal in structure, the id(>al 
structure from a v/ator-holding staiulpoint when comi)Ose<l of ar) 
alternating series of permeable and impermeable rocks, such as 
the shales and sandstones of this area. 

Rocks exposed at the dam site range from fine-grained sandstones to 
shaly sandstones, depending on the proportion of their sand content. 


J) 
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I'hoy aro <a)UK(i1i(1atoJ ])y prassurt) and contain only clay as a coinont- 
ing material. Klnlriation tests on samples from thorn point to 
th(ur pcnnoaliility hoing n<>gligililo and as they have a resolved dip 
np-streaiu into (he catchment area the site was consiilered satis- 
I'aidory. 

47. Tlie Nyauiigleliin catchment with ils ari'a of only 2- 1 sqaare 
miles and estimated yield of ahout 5 million gallons per day, lies 
Immediately south ol tlu! (.iyoliyu area, a narrow ridgt! separating 
the two. It is inUuided to snpphanent the yield of the Oyohyu 
lake at some fntuie date when tlie n('c<\ssity arises. 

The physical cciuditions ohtaimng in this avtai and the character 
o' the rocks exjiosi'd in (he stream lieds aie essentially (ho same as 
those found in (he (lyobyu area, hut the geological structure of the 
hods (lifters. Thi! sandy sliale a,nd line-grained sandstoiu's of the 
Pegu s('ri('s in this area, diji persistently to tlu* west at from 10 
to" 15", hut further wi'st outside the catchment aiea and near the 
boundary with the Irrawaddian series, the dips hi‘come very marked, 
all hough no change in dire.ction takes place, faulting is peihaps 
indicated. 

The ])roposed dam liiu! of this area runs appro.Kimate.ly W. S. W. - 
E. N. Ih acioss a gorge whose .sides are decomposed into line sandy 
soil on the higlu'st ehnations with line-grained .sand.stones containing 
partings of .shaly matisrial below. In the stream-bed itself fresh 
sandv shales with thin sand layeis art! se(‘n interbedded with 
thick beds of line-grained false bedibal sandstone dipping 
slightly south of we.st at from 15° to 20°. Tire rooks thus have a 
small resolved dip downstream, but as their peuiKiability is very 
low, IVIessrs. Olegg and Sondhi anticipate no danger, jiroviding the 
foundation is ancliored in fresli I'ock. The c.atc.hnu'nt area is also 
coasidered satisfacdory owing to this same impermeability, although 
it possesses none of the structural advantages of the Oyohyu 
area. 

Messrs. Clegg and Bondhi draw attention to the following points 
bearing on the type of dam for the proposed reservoirs : - 

(1) The low cru.shing strength of the rock at the dam sites. 

(2) The fact tliat tlu* foundations (uinnot bo located on one 

homog(!nous band of strata of a uniform crushing strength. 

pp The area is situated in an active earthipiake zone. 

48. At the request of the (lovernment of India, Dr. C. S. Eox 
was deputed to examine the site for a propo,9cd storage dam for pn 
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irrif^ation resorvoir in ilio Bhavniii valley, near tlio confluence of the 
Moyar and Bhavani rivers (11'^ 28' : 77° 6') in 
the Coimbator<‘. district. Two possible sites for 
this dam \vor<? e\amine<l by Sir Thomas Holland 
as loiiLC iij^o as 1898, but no action was taken 
])r()ject has now, liowever, b(43n revived and 
liav(i ])(*eri made to record the nature of the rock 
the ain])hibolite and the .gneiss at one of those 


f>(iavani dam-site. 
Coimbatore district, 
Madras Presidency. 

(then MV. Holla ml) 
on his n^port. Tin 
pits and treiicluis 
jiimVions lH‘tw<Miu 


sites. Dr. Fox is of I he opinion that the site is geologically satisfactory. 
Ho r<^comjnoJids, however, tliat systematic <;ore drilling should be 
iimhulaken on th(5 river and alluvial section of the dam site to as- 
cairtain the iiatnro and <l(‘})tli of the solhl rock. Ho also advises 
a masonry ilam instead of a.n emliankmont of earth-work. 

H.J. During the month of iMareli, Mr. H. it. G!(‘e visited the military 


It Mir 


micamjnnent 

Military encampment. 

Mir Ali, Wa/iii^tan, 
N«rtli-\Vest I'rontier 
Province. 

Mr. (Ice obsejvrs 
north oi the iMnan 
strata include .st<‘ 0 ]>ly 
.‘.(1 


Ali (32° 59': 79° 16' 45"), AVaziristan, in order 
to ijivestigate the cans<i of the damages in- 
curred by the brick })iiildings sinc.o their coiis- 
tiuction during the past two to three years, 
tliat the tainp is located on a 
Shah road, 24 miles west of 
dij)]>ing gr(M‘u clays ca])pod by 


low ridge just 
Baimu. The 
a loose, high- 


hwel ])e]jblo bed (Oldnr Alluvium). Ci’acks liave occuiTcd in the 
ground and in a miniLnu’ of the buildings. He suggests that those 
are due to ; 


(a) Bolative weakness of structures — small foundations wdth 

brick and mud-mortar supejstruetures. 

(b) l.ousiuiess of uruhulying peblde beds, which are quite im- 

consolidat(‘d. 

(c) Percolating water, draining over the surface of the under- 

lying clays. 

(d) Kartlupiake shocks. 

He is of the ojnniou that the buildings are liable to bo severely 
damaged should a serious earthquake, oecm*. He suggests that all 
heavy mud roofs ami chimneys should be removed and the various 
parts r)f the buildings braced together as much as possible. 


Garnet, 

50. Dr. P. K. Uhush notes that workable quantities of garnet in 
crystals measuring up to 1^ inches in diameter are obtainable over 

D 2 
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au area of half a square mile in the hill half a mile west of Korissa 
Nellore district, Kuiida (14° 11': 79° 43'), Nellore district, 

Madras Presidency. Madras. Besides being a constituent of the 

couiitry-rock, garnet is found in a fairly c-ojicentrate,d slat(^ in the 
su]/ac(i detritus of tlu^ Jiill, so that the working of the, deposit 
should 1)0 very simple. 


Gem Milling. 

51. In the (icnoral Report for 1927 h an account is given of Dr. 
Coggiji Brown’s r(q)ort on the history of the ruby mining industry 
in the Mogok Stoiie Tracd, lJp])or Burma. 

Moi;ok Stone Tract, investigation revealed the nec<^ssity of a 

Katha district, Burma. t ^ i 7 i r ii i • 

<letailod geological survey ot the gem- hearing 

tract before a satisfactory <lecision <‘.()uld be taken on tlie p()!i<*y 

to be foll()\V(‘,d in the regulation of this industry for future. 

On the completion of now topographical maps on the scal(' of 
f onr inches to the mile j)re])ared specially for the purpose, the detailed 
geological survey was c-omrnenc.e(| 2 193)2-33 by Mr. B. L. (k (h‘,gg 

and Dr. Xarayana Iyer and the residts of their g(M.h)gic;il work is 
given under ‘ C!<*o|ogiea.l Surveys ' (s<5e. [)age 50). 

It. is <lesiral»le, how(‘.v<‘,r, to ])ul)lish here the, present position 
regarding the grant of gem licenses in the Mogok Stone Tr^ict, as 
summarised by j\Ir. Clegg. 

Liceasos to mine for stones in the Mogok Stone Tiact a.re of two 
kinds ; - 


(1) Extraordinary licenses, which a.r(3 licenses to dig for and 

raise stones by any method. 

(2) Ordinary licenses, which are licenses to dig for and raise 

stones by native methods and do not authorise the use 
of any explosive subsiamic or machinery ()xeii])t as 
provided by the rules. Under the rules special licenses 
to use mechanical pumps (gravel pumps prohibited) and 
explosives may be issued to the holders of ordinary 
licenses. 


Originally the sole right to an extraordinary license was held by 
the Burma Ruby Min(3s Company, whilst hereditary miners work- 


^ liec. (.icfA. Siirv, India., LXI, pp. HS-iiO, (1028). 

? Mr. A. K. Banerji had actually coJumenced detailed work in 10.31 on the existing 
Forest Survey sheets pending the completion of the now survey. 
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ing imdor ordinary licenses were restricted to such methods of work- 
ing iis they had used in the past, that is, to the ordinary handworked 
bamboo pump for the pumping of, and the l)alanced bamboo lever, 
su(;b as is us(hI in w(dls all over the east, for the bailing of, water, 
or lor the raising of ruby- l)earing (‘arth or byor) to the surface. 

Sine(‘, the tiirminatiou of the leas<‘. of the Jhirma Ruby Mines 
(Company in 11)31, the Uoveinmeut oi Ihmua have removed all 
r(istriet;ions with ies])cct to applications for extraordinary licenses. 
The sanction of the (fovernor-in- Council is, howxwer, required before 
such a liceiLst' <ian be granted. 

In the pa»st, larg(i-scahi mining by the Burma Ruby Mines Com- 
l)any has ])roved a failuK^, whilst mining under ordinary methods 
by native minors is known to have been a success. Many areas in 
th(^ stone tract are unsuitable for work by native methods owing to 
the inability of the miners to <‘.ope with wat(u* seepage. Those 
areas can however be dealt with by tlie small capitalist by the use 
of mechanical means, and the first extraordinary license under the 
new rules wars issued in 1933 over an area of 10| acres in the Engyauk 
gorges imm(‘dial(iy north-east of Mogok. The terms on wiihh tJui 
license was issued ai’e roughly as follows Rs. 20 per month per 
miner emplovi'd (as agaiiist Rs. 10 per month jiaid by the ordinary 
miner) with a, minimum mimu's’ fee of Bs. tOO per month, plus an 
acre.ag(^ hie of Rs. o per acre, or 10 per <ient. of tire sale receipts of 
tlui stoiKis mliKid w'^hicluiver is greater. Ciiitain conditiojis are also 
inciuded in tlui liaise regarding returns and the payment of royalty 
on unsold stmu s on the tennination of the leas(i. The license is 
issued fo]‘ twelve mouths only in the first instance with the option 
of renewal for further periods on siudi rates and conditions as may bo 
priiscribed by tlie Local Goviirnment. 

It will be interesting to see how" the. terms work out in actual 
practice and liow' far fairly small-scale mining by modern methods 
combined with personal and self-interested supervision can be made 
a pa}ing proposition. 

Goid. 

52. Gold in Dhalbhum is found both in river alluvium and in 
ciu’taiii quartz veins. Quartz veins in Singhbhum are of two 
varieties, a barren white massive quartz, and 
^**^**^ **"^ ‘blue' quartz, oftiui sheared. 

The latter type is occasionally auriferous. 
Such gold-bearing quartz veins are found in the Iron-ore series only 
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in iho upper zone of tuffs. Tlieir distribution sugg<3sts to Dr, Dunn 
ii relation with iJio Into basic intrnsivo ])]iaso of the Dalma. volcaniu 
suit(' and not with tlio granitic*. ro<*.ks of the ar<M, as was s\igg(\stc(l 
bv imself sonio ycnirs a, go. ' 

53. Dr. Sahni rcjports th<3 oeourreneui of alluvial gol<l in several 
streams draining the Chaung Magyi rocks, as, for example, in the 

beat of the Nam Lawng, south of Urapiim 

Flkamtaw (‘23'' 41': 07'^ 53'). The? main gold- 
bearing anui lic^s to tlie east ot shc^et 93 E/13 and hero tho Burma 
Corporation and others have? beiui (iarryiiig on intensive pros])ecting 
for some tinici. Fairly larg(;-sized ]n‘ll<its of gold were', brought to 

Dr. Sahni by the Shairs for (examination. It a]>pears that tho area 
was workc'd for gold in fornun tim(\s by the (Chinese and trjicos of 
their workings still exist. Certain lo(*alities wliicli the Chinese 

overlooked or could not reach are still reported to be richly gold- 
bearing. 

IroiDore. 

54. Dr. A. K. Dey found pc4)(>l(‘s of ilmenitci associated with as- 
ij(\stos north-east of Malicjspur (22' 23' : 8tr 30') in Dhalbhum, 

the 'counliy’ being altere,d epidiorilc;. Cer- 
^^***^* ”"^* sliales and quartzitic scihists south of 

8hamada.nga (22‘' 12' : 8b'' 32') are liighly fer- 
ruginous and oHcm grade to heinatitci-jdiyllitos and hcnnatitci-quartz- 
schists ; these in place's form small de[)Osits of licnnatitc*. Sucih 
deposits of iron-ore possi^ss, however, no cjconomie A'alue in view of 
the vast quantities ot iron-ores in the Kolhan. 

55. Mr. P. N. Mukcu’jec; r(q)orts aii occuirrence of micaceous 
haematite in tho Nijuar samLstojies, soulli of Cliuiit village (22° 32' : 

74° 5') in KaUiiwant State, (kuitral India. 
Central 'hiXi Hiis deposit, also is only of academic in- 

terest. 

50. Mr. P. N. Bose’s surveys ni l898-L9tK) sliowed that large 
deposits of hematitic iron-oro c'xist in Bastar (Stale. ^ Mr. H. Crook- 
shank now r(q)oi4s the (ixistenc.e o1 largo f)uan- 
p Central gra.de lateritie iroJA-ore on the 

1 luVincvD* ^ ^ fc** 0/0 

ridge one mile south of Guinjonar (18 47 : 81 

35'), and on tho south side of tho Kaingar valley south-w(3st of 


Kathiwara 
Central India. 


^ Pr(jr, Sor. Itengalj N. S,, XV, p. clxxxix, (1919) 

“(JoniTfil Keports for 1808-99 and 1890-1 OOf), pp. 38 and 41 reB]»ccliv( ly. 
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Kotom«or (18° 52' : 81° 58'), and iniuor dejjosits in connection with 
most of the patches of hematite-qiiartzitos. Those ores are ex- 
tracted on a small scale by the villjige iroji-nmkers in many localities. 


Kyanite. 

57. Dr. A. K. Dey noticed kyanite debris strewn on the ground 
W(^st of Si]igpiii*a (22° 22' : 80° 35') in Dhalbluim. The mineral 

is bluisli wliito in colour and occurs in largo 
Hiliarand jjite,rlockiiig l)la(les essociatcil with muscovite 
and some telcose mica that may be damourite. 

58, Dr. r. Iv. (jlhosli lecjords the occurrence of abuntlant kyanite 
in blades sometimes attainiiig a. leiigtli of six inches, in garnet- 

stanrolite.-biotite s(hists inji^cte-d by ipiartz veins, 
M^drasPrc^lidoS. ill the liill half a mile west of Korissa Kunda 
(14° 11' : 79° 43'), Nellore district. It is found 
abundant-ly in the surface detritus. 


Nellore district, 
.Madras Presidency. 


Lead'ore. 


59. Jn the course of lus survey of part of the Khasi «and Jainiia 
flills, Assam, Mr. Bradshaw nothvd tln^ occurroiua^ of galena in 

l)ouldcrs of i)egmatitic granite close to the 
Hills^^Assani*^^ ])OTindary Ixdween the granite and epidiorite 

south of rmwaiig (25° 41': 92° 12'). The 
boulders in wliicJi galena was noticed were not in situ and Mr. Brad- 
shaw docs not cmisider the, occurr<‘Uce to be of economic importance. 

60. About half a mile n<.)rth-east of Khaiidia village (22° 19' 30" : 
73° 35' 30") in the Bhamria State, Panch Mahals, there is, according 


Oliaiiirifl Stale, Panch 
Mahals district, Uombay. 


to Mr. P. N. Mukln rjeo, a deposit of galena 
in irregular veins in mica-schists. The minor- 
alised band extends for about a mile to tlici 


oast, and is about live feet wide. The veins carrying th(i ore have a 
general E.-W. trend, approximately corresponding with the strike 
of the mica-schists. A sample of the galena assayed in the Geol- 
ogical Survey Jjaboratory gave 18*16 oz. of silver per long ton. 

The deposit requires careful investigation and may turn out a 
very useful occiu’rence. 

61. The belt of the lead-silver-ore of Maw^son^, sheet 93 D/13, 
was found by Mr. Sondhi to cojitinuo to the north into slieet 93 C/16, 


»i2ec. Gtoh Surv, Ind,, LXV, p. r)2, (19:U), 
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and anoiont Shan pits and large (juautities of slag were noticed 
at a niunher of places, especially about half 
itHnna!''"' ^ tli« cast of Tliitteikkou ’(21° 1 ' : 9G° 

48') and on the top of the welbdefined ridge 
about two miles K. S. li. of tlie same villagi^. In tln^ latUT area 
Shan pits are eoneentrated along a faidt liru^. 

The areji hus btxm the S(-4Mie of atdive pro.s])eeting in re<;<*nt 
tinuis, but is now deseri^Ml. 


Mica. 


Nellore district, 
Madras Presidency. 

biotite-seliists to 
by Mr. C. Sri rams 
i(5nlly Ihroiighoiit 
At the tinui of 


02. During th(i latter part of the field-season of 1932-33, Dr. P. K. 
(ilhosli visited N(4loJ‘<^ district at the request of the Government of 
Madras to investigate the ' behaviour of mica 
deposits of N(dloie at great depths, and tluj 
relation of the pro.sen<*.e of hornbleaide- and 
the, occurrence of mica He was acf-ompaiiutd 
III, the (Mliciating Mica Inspector of Ncllore, pract* 
ihi) \\ho]<i period ol his toiii’ in the district, 
bis visit, only eight min<\s, viz. PathereguJita, Shah, 


Nityakal 3 "ani, Hadhakrishna, Inam, Xewlands, Tellabody and the 
D. mines, werci working. B<‘sid(‘,s the above-mentioned mica mines, 
j)ractically all tlic otluir mica mines of Nellore were visited. But 
being under water, tlu^ unworked mines offered v(^ry little fainlit}^ 
for observing the behaviour of mica in depth. 

The geological formations met with in tlie mining area are as 
follows : — 


Pegmatite (often 4‘arrying mica, and sometimes beryl and 
sainarskite) ajid quartz veins. 

Schistose quaitzite (‘i original quartz veins). 

Highly sheared granittj-gneiss. 

Ampliibolite and hornbhmde-schists, somotinn)s passing into epi- 
dote-schists. 

Biotite-schist (often carrying garnet, kyauito, staurolite) and 
talc- arid chlorite-schists. 

The main mica bolt of Nellore is shjklo-shaped, tapering to tlie 
south-east and to the N. N. K. ; th<^ southern point lies nine 
miles to the »S. S. \*]. of Gudur (14° 9' : 79° 52'), and the 
northern point about nine miles to the N. N. E. of Sangam (14° 35 : 
79° 46'). The lens-shaped central portion, which runs roughly 
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north and souili, and is ^vidost in tlio southern and eastern portions 
of the Rai)ijr talaka, carries most of the mica mines (including the 
most paying ones) of the district. The mica belt between Jatitute 
hP ajid tJie Kaiidleru river, is marked by schistosity trending 
bel.\v<M‘n i\. VV.- S. K., and N. VV.--S. S. K., with high south-westerly 
or soiiile.soutii-\vcst('r]y dij)S. NojtJi of tJie Ivandleru, schistosity 
tc,)ids to be more or Jess N.-->S., or oven N. K. S. \\\, and higJi easterly 
di])s are fnjqm^nt. AJlJiougJi tlie ab(»ve is geueu'aJly the case, the 
direction of strike and dip of individual l>aiuls niay vary from pla(je 
to j)Iace‘. 

The p(‘gmatites, which are thi^ latest intrusions, conform in strike 
iuid di]* to the schistosity oi the 'country’, seldom show any signs 
of prcs8in*(i nuitamrupliism, and seem generally to have crystallised 
und(U‘ (|uie,s(‘ent. conditions. The thickness of the pegmatites is 
variable, ranging Irom that of an insignilic^ant vein to over 200 fecit ; 
but ten to lo f(iet may be takciii to be the avoragci thickness of mi(;a- 
yielding pegmatite'. Tiie length also is variable, from an average 
of tlO feet to over 1,200 feel. As Mr. G. H. TippiT recorded in his 
re 2 )ort on tlie mica mines in tlio Mellore districit, ‘ the comnioncist 
loj’m ol thcise (j)c^gmatit<vs) is that of a lens, a series of coniujctc'd 
Icmses, hmscis arranged en echelon, or long irregular masses They 
are often associatc'd with a wcill -developed boss of quartz-- a product 
of ditferentia.t if.m ol the pcigmatite magma. 

Thci larger, workable^ pegmatitcis seem to have a dislumt profcir- 
encc‘ for the biotitc'-schist zones, into wliich tlie largest number of 
pegmatites aiv found intruded. It should lie mentioned, however, 
that workable quant itievs of mica have also found in pegmatites 

intruded along the junction of the biotite- and hornblende-schists 
(Pathoreguiita miiie), in those intruded into hornblende-schist 
(Parvati Paranic'swani nnne), and very CAccqitionalJy in pegmatite 
intruded into the schistos<i quartzite (Velaga Venkatoswara minc^). 
The probable*, «‘xpJauation, according to Dr. P. K. Ghosh, of tlie 
selective dislriluitiou of the pegmatites {i,c., tlnur bias for tlio biotite- 
schist zone) is tliat the biotite-scliists are the roc^ks least competent 
to withstand the tmisional forces that came into play at the time of 
intrusion of the pegmatites. The incompetent biotite-scliists and 
the morc^ rc'sistant hornblende -schists seem in this indirect way to 
have influenced thc^ localisation of the pegmatites, and incidentally 
of the deposition of mica, for according to l)j*. Ghosh, the latter 
would have crystallised within the walls of any ‘ country ’ provided 
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tht) p<3ginatitic liquid Ava.s of tlio roejuisito ( ojupositioji nnd the other 
comlitious roinaiiiocl the saiiUi. 

Tho mines Ixung shallow (the deep(\*»t woi-king miiK^, riz.y the Shah 
mine, is only 2D0 feet), nothing dolinite is known about the l.eliav- 
iour of th(‘ pegmatites and mhai deposits in diipth. TJie character 
of tho p(‘gmatites, as ohsorvod within this small ranges of d(!])t]i, 
sooTus to vary in the different mines, and sometimes oven in tlie sanu^ 
mine. Tlins at the Tellabodu mine, of tlu^ two pegmatites, th(‘ 
lower one changes its dij) to the iiortli from tlie original westerly 
dircetioji, at a depth of lOO feet, and becomes thinnm-, and the mica 
btc.oiiKS brittle; but the upp(‘r ])egmatite cojitiinies in deptli with 
its original direction of dip, and maintains tlui oxcelhmt (hara('ter 
of its mica. In th<^ Shall miiu}, tho dip oi the ])egmatitc cJianges 
from south-W(‘st to ]iorth-wcst at 200 feet, but tlui (haracter of the 
mi(ta imjiroves. In some cases, the i)ogmaIile is a<*.tually impov- 
erishod in mica-content as it is followed in depth ; but the miin^s 
have never f)een ciirried deep enough to prov(‘. that richer deposits wn’II 
not 1x3 found at a lower level. So far no instance is known whore 
tlie pegmatite has actually pinched out, as in the Kodarma area, 
Hi liar. At this stage of development of the ndning properties in 
Nellore, it seems, according to J)r. (Ihosh, pneiiaturo to attempt 
to forftell tho behavioiu* of the mica in depth ; but lie rermrdt 
that with most of the mines that have followcxl sci(‘ntific methods of 
develojniient and working, financial success lies resulted. 


Natural Gas, 

(),‘h Tin*, occurrences of natural gas at Jagatia in Kathiawar 

and at Haroda, situated respectively to the west and east of the 
Gulf of Cambay WTre investigated some yoaTs 

Kathiawar, Bombay by the late Captain R. \V. Palmcrb and 

Presidency. this work v/as held to justify the view that 

tho Tertiary rocks from which this gas was 

knowm or presumed to be derived underlie large parts of the Gulf 
of Cambay and the alluvium at the head of the Gulf. 

Some 12 years ago natural gas (with saline wetter) was tapped, 
in a bore-hole at Gogha (21° 41' ; 72° 19') in Kathiawar, and Dr. 
P. K. Ghosh was asked last year to investigate this occurrence. 


» Qeol Svrv. Ivd,, LIV, i)p. 26-29, (1922). 
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The north-east co<ist of Kathiawar, where Goglia is sitnated, 
is made up of IIj){)ei’ Tertiary strata e-oiiiposed of alternating eal- 
careoiis, sandy and clayey licds, tin*, latter })r(^ 2 )OiuJerating in depth. 
These sediinejds rest on a 2)lalfoini of the Deccan trap basalts, 
and incrc'ase in tliickness as the slum's of tlio Gnlf of Cambay an* 
approached, and 2 )rovide the reservoirs from which gas ami water 
are derived. According to Dr. Gliosli, there are tliree water-bearing 
sands above the gas sand, the lowest of the water-bearing sands being 
immediately above the gas sand. Tlie gas bearing stratum is 35 
feet thick, and occurs at from 812 to 817 fc<‘l ])eIow the ground-level. 
Poring was* continued through tlu' Tertiary strata to a deptli of 
I'eet : lor the first 8J3 f(‘et tl\e hole was lined with eight-inch 
casing ; Ijetween 813 and fe<d tlie diameter of tlui casing was 
reduced to s:x inches ; and the rest of the bore-hole remained 
unlincd. The six-incli casing was brolom at a de])t]\ of 702 feet from 
tlio surface. Ur. Gliosli infers that the annular S]>ace between the 
eight-inch and six-inch casings is not s<‘alod, and that it is due to this 
defective construction that tlic gas and water flow' simultaneously 
into the bore-hole from the surrounding strata. This al.^o gives 
rise to the possibility of the gas sand being invaded by water, 
and the gas being driv(‘n into pockets of uneconomic dimejisions— a 
state of atfairs higlily detrimental to the lif(» and the future 
development of a potential gas re.servoir. 

The gas has been Issuing, laosumably at a fairly liigh jiressuro, 
for the twelve years, hiven at the time of Dr. Gho.sVs visit, 

the gas when allowed to catch lire, burst in<^o steady and vigorous 
flames about live h^et higli. It is an easily inflammable gas, and 
according to Iho report of tlie Industrial Chemist to the 
Bombay Government, the total Jiydrocarbons ealculalcd as methane 
form 81*8 per cent, and the calculated B. T. Us. jier cubic foot are 
870, the heat value Ix'iiig thus quite high. The helium content, 
according to Dr. Watson of the Indian Institute of Science, Bangalore, 
is J jiart in 8,000 -too low a percentage for tlu* gas to bo of value 
for the extraction of helium. The ‘closed’ and ojKm inc^snres 
of the gas could not be incasurcd as it was issuing with water. How'- 
ever, from coiisidtu'ation of the do])tli of tla' gas sand helow' tlie 
surface, and the recorded observations of the ‘closed ’ gas pressure of 
the Y/ells in the Tertiary strata at Baroda and Jagatia, probably 
forming parts of the same Tertiary basin of sedimentation as Gogha, 
Dr. Ghosh estimates the ‘ closed ’ pressure to be 220 lbs. to the square 
inch at the minimum. 
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Ciireful fiold obr-^ervatioiis prove that tlie strata have been thrown 
into ^('ntle E.-W. sym-liiies and anticlines— stnu tiin s highly suit- 
able for (In* aeeiimulalion of gas. The gas-field su])plying the Gogha 
oiif]njl lias an estiinali'd nnuiniiun extent of 12 square miles. The 
])oiosil \ (»f IIh' iias sand is not known, but a-ssiiniing it to be 20 ]kt 
eenl., I)r. (Jliosli esliniales 1 hat 1 ln‘ oj igiiial gas c onteiil of the field 
was ahoiit 27,I0«S million ciiliii- iia'f. ^J’la‘ oi'eii-llow j)U‘s.siire of tin* 
gas iiot h(‘ing Icnow ii. the rate of flow eannot be delerniined, 
nor can tiie life ol tlie well be predicted with ci'ilainty. There 
is, howe\er, no doubt that a considerable amount of a valuable 
material has beiai allowed to run to waste, and there can be no hesi- 
tat ion that further eseajn* of the gas should be. pievented. 

The structure ol tin Tertiaiy belt of North-East Kathiawar, so far 
as it was jiossibh* lor i)i. Ghosh to ascertain during the time at Lis 
disp(»sa.i, seems to be favouial»h‘ to the accumulation of gas. In 
order to exjdore tin* possilality cd striking fresh oceurrences ol gas, 
and to have more precise data of the exUutt of the gas-field, tlie 
nature of the gas sand, and the underground structure in gem;ral, 
fuillau- borings an* neecsssary. Dr. Ghosh has selected six local- 
iti(‘s at wddeh it is desirable to drill. 


(U. 

Oilfiel. 


(Iiai'ge of 
, was held 


Kcsidcnt (iuolo.^ist, 
Yciiaiaiyaiiiii; Oilfield, 
lUirinn. 




I’etrolcum. 

tlie (hliee of liesident Geologist, Yeiiangyaung 
by .Mr. G. T. Ihirber umll the fifth jVIan li, fUdlf, 
and by i\lr. E. J. Eradsliaw' from the J9th 
March, Itflflf, for the remainder of the ycair. 
Euriiig tin* year the Burma Oil-Eic'lds (Amc*nd- 
was passed by tlie Burma Legislative Council. 


Kurina Oil-lMclds 
(Amendnieiil) Bill, 1933. 


ment) Bill 

The Bill has two main objects, liist to ensure tliat control over drill- 
ing operations i^ exercisc'd aulomati(*ally as soon as drilling begins 
in any part of the province, without the need which (*xists under 
the jireseiit Act, of notifying an oilfield, be- 
fore the Warden cun exercise his power of 
control. Tlie second is to pjovide that the 
control to be exercised sliall embody a policy of conservation of gas 
as well as of oil, and of prevention of waste. Jn anticijiation of 
the enactment of tin* Jhll the Resident Geologist (iollal)orated with 
the Warden, Burma Oilfields, in tlie drafting of tJici rules which the 
Local Government will be enqiowered to make for regulating all 
matters connected with or subsidiary^ to any operations for the wdun- 
ing of oil or gas or both. 
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65. The Resident Geologist was consulted on technical matters 
arising out of an ap])licatiorL for a revision of the orders ^ perrnitt- 
Thc application ot iiig a general ine-n^ase in the degree of vacuum as 

R^serves^^^ 'and^ *”lidr wells ])roducing from certain hori- 

bordersat Yenan^^yaiini;. zoiis within the Reserves and their borders 
in the Yenangyaung oillield. In tlie course 
of a. huigtliy ordtT the Financial Coniniissioner, Jhirina, concluded, 
inter alia, that within the life of a well tlnue nuiy he a })erii)d during 
which the aj^plication of a })ressur(i lowin’ than atniospluiic may 
result in an increasii in the ultimate recovf ry from that well, but 
that the application of vacuum before or after this [>eriod may be 
harmful from the point of vimv of recover}. As a corollary he 
concluded tliat the simultaneous a])])lication of a uniformly reduced 
pressure to a large nunil>er of wells which, at juiy given moment, 
ar(' at different stages of t heir produel ive lives is normally likely 
to ri'duee tlu' ultima.li' lecovery from a held. (Jn the other liand 
he found, on tlie evidence before him, that, while all wells not 

affected alike, the apj)lication of a vacauim in many eases resulted 
in an increased rale of production, this being not Jiecessarily always 
synonymous with «aTi ineiH'ase in ultimate re(',(>v(‘ry. Ht* coneJuded, 
how'('V(‘r, 1 lull in tli(‘ e<ise of wells which arc. n(‘aring tin' elos(' of their 
economic life, an ine.n'asc' in tlie. jate of pi'oduelion results in an in- 
e,n‘ase in tlni uHimat(' recovery from such wcdls since they miglit 
otherwise be j)lugged and abaiidom*d. The Financial Commiss- 
ioner then examined the question wdiellier tlnui* was any areal 
segregation of such wells and concluded that b}' clioosing a line 
running parallel to the axis of the held, an elh'etive segregation 
could be made iiiasmuch avS the great majority of the wells west of 
the line were small producers, while the majority of the Jarg(‘r wells, 
to which, in liis opinion, the ap])licatioii of an increased vacuum would 
be premature, were situated east of this line. He therefore direct- 
ed, subject to the provision that no pressure less than atmos])]i(*ric 
should be maintained at the well head of any wi'll producing from 
below the horizon of the 3,00h-foot gas sajul as defined in the 
Warden’s provisional order dated the 15th August, 11)27, that on 
and after the 1st Marcli 11)31, a vacuum of 7J inches of nuTciiry 
)uight be applied at the well head of wells on sites iritcust'cted by 
or west of a line which he defined, and that on and after the 1st 
September, 1934 a vacuum of 10 inches of mercury might bo applied 
at the well head of wells on sites intersected by or west of a line parallel 

1 Vide Etc. Geol. JSurv. Ind., LXII, p. 38, (1929). 
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to and li(K) f(‘(‘t to llio west of the line already ineiitioned j his 
o]>j((*l in definin^^ n s(k*uiuI liin'. bcijig to set ii]) a bajrier zone to 
reduce any unfair advantages that might accrue tiirougli the a])-' 
plication of difl’erential ])iessures ainountljig to b inclu'S of merciiiy 
to \\ells drilled on adjacent sites. 

Tin* proving of reinuiH'rativt* produc^tion in ihe lov\er sajuls in 
tlie nortli-eastern part <»f the Twingoii K(*serve resulted in the 
dee])t‘ning of many wells in tliis ])aTt of the field. 

Aliscelhmcous. n'sultant drilling prol)lcms (■niisi< lei ably 

inmi'ased the \V(»ik of the Advisoiy Board as tin* casing ]>olicy and 
the ins})(‘ction de[)ths for (‘ach wt‘ll wi'i'i*. pi(*sc‘rib(*d by a sja cial orde r 
in each case. Among the miscellanecuis ([uestions on wliich the* 
opinion of the Resident (Jeologist was given weie questioi^s relating 
to the storage of oil at pressures ollnn* than atmosplnuic. to l)ies(4 
fuel oils, and to leasiire. 


Sail. 

OG. During the month of Mandi, Mr. 15. R. ()(*(*- visited Jatta 
18' 80"; 71' 17' 80"), Kohat district, .North-Wi‘st Frontier 

Rr()vine<* in order to advise the authorities 
Salt mine at Jatta, - x. i i i- n 

Kohat district, North- ^’1 *h(‘ .Northern India, Salt .Revenue Depart- 

VVest rroniicr Pro- ment regarding the extent and workability of 
the ro^'k-salt deposits of the Jatta mine hill. 

The excavation of the Jatta mine was commenced in July^ 1925. 
In the middle portion of the Jatta ridge, massive gr(*y and trans- 
parent salt, with dark bituminous bands and intercalations of 

rod clay and soft friable sandstone was enc-ount(*red, and three 
small chambers wa*re excavated. Owing to the dangei- of roof- 

falls and possifile instability of pillars as a r(‘sult of the soft clay 
and sandston(* Jiands, and also to the fnct that ])ot-holes tilled with 
debris were met with, the mine was closed in August, 1932. 

Mr. 0e(* suggests that a large cpiantity of rock-salt probably 
continues in depth and to the*, west within the ridge, and should 
the authoi-ities d(\sir(j to continue the exploitation of the salt by 
underground mining, he is of the opinion that attempts sliould bo 
made at a much lower level in order that tht*. wwkable area within 
the Jatta anticline may be considerably increased and the danger 
from pot-holes avoided. He points out, however, the following 
factors against mining the salt underground at tlui present time : — 

(a) Kxtrg. cost compared with quarry-working. 
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(b) Diin^^rr of roof-fnll.s oji account of jJastic clay bauds vvitliiii 
tl)c srains. 

(r) rre.sc'iicc of larjrc ([iiantiiics of rock-salt, accessible by qnariy- 
ing, in area just to the east of the niirio. 

hh(un tlio open quarries, the annual output of nearly four Jaklis 
of luaiijuls lias lieeii iar;^oly obtained. Mr, (Jee is of the o[)inion 
Miat a reservi' of salt is available for quarry development within this 
eastern portion of the Jalta ridee, sutlicieiit to maintain tlie pn'sent 
output for a lar^e nnrnla'r of years- -probably at least lialf a century. 


Samarskite. 

(j7. Samarskite is recorded by Dr. J\ K. (diosh frojn tie disuscfl 
Kondai.daiama mica mine, near Pailapalli village 
about sevdi niiks to tke N. N. E. of tlic Sankara mine, Ncllore 
district, where samarskite was formerly obtained. The mineral, 
associated with haematite, occurs in a pocket about three f(*et whh*. 
and iivi' feet d(‘ep, in the alluvium at the north-western ed^e of the 
mine. The pocdvct could not be traced in tlio horizontal direction 
to any appreciable (‘xtent ami the (juantity of the mineral is very 
small. The de])osit is, tliorefore, of little economic importance. 


Soapstone. 


b8. Dr. Dunn reports several further deposits of soapstone, 


Siir^hbliuiii district, 
Bihar and Oris.sa. 


which are worked l>y tlie local villagers, at 
Bhelaipahari and two miles east of Kokara in 


Dhalbhum. 


Dr. Dey reports similar deposits near Mabespur (22'^ 23' : 

30') and Burudih (22" 22' : 80" 31'), Dongadaha (22" 21' : 86'^ 34'), 
north-west of Khejurdari (22^^ 24' : 86° 33'), and north of Digha 
(22° 30' : 86° 32'). All of these deposists wore workc'd till rcccmtly, 
and the two last mentioned are still being cxploitta). 

A rock made up of soft apple-gr(‘en flakes of talc resembling 

l)ooks of mica oeenrs 1 J miles west of Chirutanri (22° 24' : 86° 34') 

and on the liill-slojies east and nortli-east of Mahespur. 

(>1). Dr. r. K. Oliosh notes the occurrence of a deposit of talc, 

half a mihi west of Birla Tippa (14" 12' : 70° 44'), Nellore district. 


Nellore district 
Madras Presidency. 


it- is of tb(' massive variety, and is rather impure, 
but it is quarriofl for the manufacture of 
household utensils. 
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Soda. 

70. Dr. Gliosli records that during, tlie dry jnorilhs, llio alluvium 
alon<^ the banks of the Bokli iiiuJ the Khari rivtas ai T^u■a.ntij in 
the AJnn(‘da.l)a.d district yields ijierustations 
Ahmeda^bad^disiricl, sodium salts. In thes(' effluieseaMua^ sodium 

carbonate pr(‘ponderat(‘s and forms roui^hly 
from i'A to 50 per (*.ent. of the material scrajicd from the surfac.e. 
The oth(‘r salts of sodium prescml. an* chiefly fbe cjiloride, with 
subordinate amounts of the suljdiatc* and tlie bicarbonate*. 

The local people treat a concentrated solution of the; salts, 
scraped from tlu* surface of the ('arth, with burnt htvkar, for 
the production of caustic soda. 

The caustic soda solution is then mixed with the locally o})tain- 
ed mohmra oil and tlu*. mixture evapora.i(*d to dryiu‘ss ; tin* dry 
product is rolled into t)alls or cut into (;akes a-nd sold as soap. 

The process of soap manufacture by the above ])rocess is very 
(U’ude, but the Ihwnbay Government have taken the matter in 
hand a-ful are ofTerin^^ a.dvic.(' for the betterment of this local industry, 
which is said to yiidd a.n annual incoim* of over two lakhs of ruj)(‘(‘'^. 


Water. 

71. At- tlu*. r(*(]uest r)F the 8u])erint(*ndin^^ lhi;^dn(‘er, Public 
Health (hcle, Bihar and Orissa, Dr. J. A. Dunn was dcjuited to 

visit Jianchi and <.^ive advice concernin;^ sit(',s 
^^***^*^ wells in tin* compounds of tin*. District 

Jail and the Itanchi Sa,dr IJospital. 

72. During' the. course of field work in tiie Punjal) Salt l»au;^f*, 
Mr. Vj. II. Gee continued his observations on the water-suppl v of 

tlu* area.. dJie tract covered by him duiin;' 
^***Raiige Punjab*^*' included the north -western 

part of the Sliahpnr distrie-t. Jt may be 
dividf'd int(» the followinji sub-areas: — 

(i) Alluvial plains to the south of the, ra.n^(*, bet<W(‘cn (Jhoha 
(32^ 24': 72^ 1' 30") and Golewali (32" 29': 71" 50' 30"), 

(ii) Villages on the scarp slopes. 

(iii) Villages on the Salt Jlange plateau. 

(iv) The hill station of Sakesar (32" 32' 30" : 71" 66'). 
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Regarding these tracts Mr. Gee comments as follows : — 

(i) Tlic plains at the foot of the scarp include the following 
villages- Clioha (32" 24': 72^ 1' 30"), Warcha (32^^ 25': 

71" 58'), Golewali (32" 29' : 71" 50' 30") and Rukhla 
(32" 27' : 71" 57'). In the case of the three former 
villages, the water requirements are obtained either 
from artificial tanks or from springs flowing from the 

j'oeks of tin' scarp some distance from the villages. At 
liiikhla (Warcha Mandi) is an elficient scheme; spring- 
water from tlie JVodiict-ns Limestone outcrop about 
lln<‘c miles up the Jarhanwala gorge*. b(‘ing carried in a 
j)ipe-Jine (bwn to the village. Otber villages, situated 
a.t gj<*at(T dislances from the range, depend solely on 

artificial tanks and it is nidikdy that w(‘lls, sunk in 

these areas, would yield supplies of sweed water. The 
only remedy is the installation of pipe-lines from the 

springs of the Salt Range scarp. 

(ii) Jtogarding th(5 villages situated on the scarp slopes, these 
are usually dhoks and hajnlets, obtaining their water- 
supply from tanks or local springs. 

(iii) TIk; plateau tract of this north-ucstern portion of the 
Shahpiir district includes the following largo villages—* 
Khabukki (32" 37' : 72" 14'), Mardwal (32" 36' 30": 

72" 10'), Anga (32" 36' : 72" 5' 30"), Kotli (32" 35' : 

72" 2' 30"), NaushaJira (32" 34' : 72" 9'), Kufri (32" 

32' 30" : 72" 5' 30") and Ucbhali (32" 32' : 72" 1'). 
These villages arc situated (‘ither on the alluvium of 
these upland valleys or on Iho adjoining Nnmmulitic 
Limestones. Their supply of fresli water is obtained 
either from wells sunk in this alluvium or from springs 
issuing from the base of the Hill Limestones pf the 
adjoining hill areas. 

The water-level of portions of these valleys — as evidenced by 

the existence of lakes at Khabakki and near Naiishahra— is very 

near the surface. The water of these lakes is slightly saline and 
unfit for consumption. Wells sunk within a short distance of 
them, however, tap a good supply at a shallow depth. Nearer the 
edges .of those valleys, at Naushahra and Anga, the water-level 
falls to nearly 100 feet below ground-level. Perennial springs 

occur in the hills south of the Naushahra-Uchliali area, at pointd 
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half a Tnile norili of Rnrahki (.S2° 30" : 72° 8'), a short clistanoo south 

of Ktifri, Pattan (32° 32' : 72° 4' 30"), and Kiiraddi (32° 32' : 72° 
3' 30"), and also at Kotli. 

The small liill sfalion of Rahesar depends for its supply of fresh 
water on several s])rin<^fs tliat flow from the TTill Limestones of tliat 
area. Wat(‘r is eolleef«‘d also in artificial tanks. Aftej- periods 
of exe(‘ssive dronuht, ihe flov/ from the sprin^^s near tiie top of 
the rid^e decreases wry eonsideraldy and the jnoblem of sii])])ly- 
in:( the needs of the station hocomes a serious one. 


Geological Surveys. 


73. During ihe fieVl season, 1932-33 tlu' Burma Circle cons st- 
ed of Mr. E. L. C. Clepo; (in charge), Messrs. C. T. Barber and 

M. R. Sahni and 
C. T. Barlier jiro- 
March lOth, 1933, 


Riimifl Ciiclc. 

ceedinci on leave 


V, V, Rondhi, and Brs. 
L. A. N. iyiT. On ]\lr. 
])reparatory to retirement 


on 


Tract 


Mogok Stone Tract. 


Mr. E. J. Bradsluiw replaced him as lb‘sident Geologist, ^"(mang- 
yaimg. 

74. Tlie new four-inch to the mile maps of the Mogok Stone 
having Ix'en comj)l('t(‘d, work was commenct'd by Mr. E. L. G. 

Snperinlend(*nt, and Dr. L. A. Narayana 
Tyer, Extra Assistant Riiperintendent, on the, 
detailed g('ologieal survey of the area in continuation of the work 
started'' by Dr, Coggin Brov/n and Mr. A. K. Banerji. The m^w 
sheets comprise an area bounded by the Kin Chaung on the west, 
by the Mongmit Rtate on the north, by the Konsan Taimg-Kyini 
Taiing ridg(‘ and its continuation northwards on the ( ast side 
of the Pinpyit villages (22° 57' 30": 90° 33') on the east, and latitude 
22° 50' 45", f.c., about Hv(‘, miles due south of Mogok, on the south, 
the total area being approximately 170 square miles. The six 
maps into which the ai’ea is divided can for convenience be termed 
the De-0, Beriiardmyo, Chaunggyi-K^^etnapa, Kabaing, Kyat- 
pyin, and Mogok sheets. Of these the Chaiinggyi-Kyetnapa sheet 
has been completed, as also have the greater portions of the lier- 
nardmyo, Kabaing, Kyatpyin, and Mogok sh(?ets. Although the 

most accessible parts of the uncompleted sheets have been geologi- 
cally surveyed, these parts are also geologically the most com- 
plex, and owing to the more open and accessible nature of the 

country, the ones in which the most detail can be mapped. The 

information derived from these sheets will, it is anticipated, be 
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a great help in the more rapid mapping of the topographically more 
difficult and densely forested parts that remain to be completed. 

In previous general reports ^ the recognisable types of rocks 
of this area have been dealt with at some length, and with the 
excerption of the cordieiite-bearing rocks all these types were recog- 
nised in situ during the field season. In addition amongst the 
basicj rocks a new type was found in the Bernardmyo area consist- 
ing mostl}" of aegirine and scapolite. 

It was found possible to recognise the following divisions of 
rocks ; — 

11. Basic and ultrabasic intrusions. 

1 0. Hornbhuidc-aegirine-nephelinc-rocks and aegirinc-seapolitc- 
rocks. 

9. Augite-granites. 

8. Syenites. 

7. Acid intrusivci gneisses, biotite-gneisscs, garnet-pyroxene- 
gneisses, aplites and pegmatites. 

(>. Quartzit(*s. 

5. Calc gneiss series, comprising scapolite -gneisses, pyroxenc- 
granulites and gneisses. 

4. Crystalline limestones and calciphyres. 

3. Biotite-garnet- and biotite-garnet-silliinanite-gneisses. 

2. Garnet-gneisses. 

1. Biotitc-gneisses. 

For mapping piirposcrs, however, it Avas found necessary to com- 
bine divisions 1, 2, 3 and 7 into a. group of unclassified crystalline 
rocks, as they alttrrnate so rapidly and are so inextricably mixed 

up and inconstant. Their outcrops cannot be follow^ed owing to 

the thickness of the soil cap, and it is impossible to connect up a 
section noted on one stream with that on an adjacent one. In 

this group are also included occurrences of the other groups too 
small to show separately on the map. 

Of the calcareous suite of rocks composed of crystalline lime- 
stones, calciphyres and calc-silicate-rocks, an endeavour has been 
made to map crystalline lijnestoncs and calciphyres as one division 
and the calc-gneisses as another. Previously the calc-gneisses were 
shown in the group of unclassified crystallines and not with the 

1 Her. Oeol. Hvrv. Ind., LXV, Tt. 1, p. 80-86, (1031), and LXVl, Vi, 1, p. 92-96, 
(1932), 
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li]][K,‘stonns and (laUiphyn's with which they are genetically related 
and are UHually found in close association. Where the calcareous 
gneiss(‘s can lx* inapjx'd, this lias been done and boundaries insert- 
eit ; in other ])laces wIktcj they grade into calciphyres and lime- 
stones, they liave- been indicated by unboiind(‘d dotted areas. 

The groups shown on the map arc therefore : — 

8. Basic, and ultrabasic intrusives. 

7. Tlornblende-aegirine-, ncpheline- and hornblende-scapolite- 
rocks. 

G. Augite- and hornblende-granites. 

5. Syenites. 

4. Quartzites. 

1). Calcareous gneisses. 

2. Crystalline lim(\stones and c.a,lciph 5 T’es. 

1 . Unclassified crystallines. 

The basic and ulirabasic rocks consist of two main types : --(!) 
the Bernardnu'o poridotiies, and (2) a series of augite-hornblendi'- 
rocks, wid(*ly distributed but of small extent. 

The peridotites of the Bernardinyo area occur in thre(*- main 
exposures on a N. E.-S. W. strilo?. The most easterly 
exposure lies in and t-o the cast of Kyaiikpon (Ijisu) village 
(2.3^ V: 29'). It appears to be a thin slieot of ro(h dip])ing 

to tlu^ south-east ])arallel with the hill slope, and is int(U^sec^ed 
by a thin vein of steel-grey coarse liornblende-rock. The si'cond 
exposure runs south-west from imnu'diately south of Kyauk])on 
(Lisu) and cuts across the G,276-fciot ridge into tdie Bernardmyo 
catchment area. This also is a she(‘t dipping in a south-('ast 
direction. Distant about lialf a mile from the south-west end 
of this latter exposure is a third intrusion of peridotite, which cuts 
Mya Taung (23"" 0' : OB'" 28'), and runs norths ards tow^ards Py- 
aunggaung village (23'’ 0' 30" : 96'’ 28'). In the stone diggings 
situated on this exposure a north-easterly strike is visible, al- 
though in general the outcrop is seen only as a series of loose, 
weathered boulders. Other minor exposures occur in the Payaw 
Chaung Valley, and North of Kyaukpon Taung (23° 1' ; 96° 28' 
30"), both areas lying to the east of and distant about two miles 
from Bernardinyo (23° 0' 30" : 96° 27'). The peridotite is a 
medium- to coarse-grained holocrystalline rock consisting essential- 
ly of olivine with a subordinate quantity of pyroxene and occasion- 
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ally ji few j^niins of iron-orc. KScrpcntinisatioh tias started along 
tlio crncks of tlie olivine crystals in some spechnens. 

Traces of angile-liornhlende-rocks can be picked up as small 
boulders in many of the stn^ams of the area. The bigger exposures 
are found m situ:— (a) about one mile nortli of Chaunggyi (Kom 
sari) (22° 58' : 06° 30') on the Letha Taring (23° 0' : 96° 30') foot- 
path wh(ire an augite-liornblende -felspar-rock forming a sill is 
intruded by pegmatites ; (6) on the south side of the pass on the 
Mogok-Bernardmyo road, as a lilack medium-grained rock, (com- 
posed of hornblende, aiigite and a little h'lspar, associated with 
limestone : and (c) near Kyaukpyathat (22° 50' : 96° 23') as a 
dark' coarse grained intrusive coirniosed of liornbleiido, subord- 
inal (‘ augite, and hdspar, with (piartz and a. little calcite. This 
last roick jiasses into the hornblende-nepheline suite of rocks. 

The horvhhni(le-(tc(jiriiie~nepheli'iie-rocks and the hornblende- 
or (uylrine-sc(fpolil( -rocks occur as small minor intrusions or bands 
usually associated with limestomcs, atthough one small exposure 
nol(‘(l tiire(‘ mil(\s nortii ol Kyatpyin (22° 51' : 96° 25') forms a 
marginal fringe to a syenite intrusion. The in^pheline suite of 
rocks has been fornnuly jveurded from the Sinkwa road, but work 
to the N\(‘st by south shows this suite to havi‘ a much greater 
extension.’ One specimen from the type locality on the Sinkwu 
road a (juarter of a mile jiorth-iast of the imrtli end of Siukwa 
villager (22° 54' 30" : 96° 23') is a medium- to coarse-grained rock 
consisting of a dark greenish inowii hornbhmde witli interstitial 
c-alcib', lu'pheline, sphene, and iron-ore, whilst from an adjacent 
loiiality augite is also found in association with tlic hornblende. 

Th(‘. j)yroxcne-scapolit(t-rocks appear as a lev/ small exposures 
in Iht'. Bernardmyo vicinity. They arc medium- to coarse-grained 
rocks mostly composed of deep green aegiriiie witJj large crystals 
of se-apolitc, a little felspar, calcite, apatite and iron-ore. 

The syenites occur as two main intrusions, one of which around 
the village of Ongaing (22° 56' : 96° 30') has been previously men- 
tioned ; the other forms the big hill comprising the village of Ber- 
nardmyo and the high ground nortli of it, the southern boundary 
being the alluvium of the PyRunggaimg (haung. Other smallet 
occurrences were seen in the Kyatpyin sheet near Thatdutsho 
(22° 56' : 96° 28'), Myeme (22° 56' : 96° 27'), Kyauklcga Tatln^ 

^Tho Sitikwa oxpuBurcs aro the easterly oiitoruiJis of a sorios of bands ocotirring 
Boutli-WeBt and norih-eaBt of K^^aukxiyathataiiauk. 
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(22° 56' : 96° 26'), and half a niilc north N. N. E. of Bawlongyi 
(22° 55' : 96° 24'). Th(3 Ongaing occiirrcncc is the most interest- 
ing ; its petrological characters have been previously described ^ 
as also its lacc^olitic intrusive nature. Exposures in the Lctnyo 
Taiing (22° 56' 30" : 96° 30' 30") (Mogok sheet) and Kyaukthinbaw 
Taung (22° 57' : 96° 30') (Chaunggyi-Kyotnapa sheet) leave little 
doubt as to the intrusive relationship of the syenite towards the 
limestone. Tlie Letnyo Taung limestone is a big chunk of lime- 
stone and culclphyre caught up and folded in with the syenite, 
the whole pitcliing E. 30° N. Syenite occurs on the (astern flaulc 
ov('rlying and penetrating tlie limestone so as to form wedges of 
syenit(3 in the limestone and also occurs as the basement rock below 
tlie precipitous westcum fae(3 of tlio spur. A similar oecmrreiue is 
se(m on Kyaukthinbaw Taung where the scarp of the v. ('stern face 
im^ludes tJiiu bands of lim(\st(me cauglit up by the syenite intru- 
sion. This main syenite occurrence extends uortli into tlie 
Chaunggyi valley catchment and north-westwards up the Ber- 
nardmyo road to a height of 5,800 f(i('t. It forms the lower south 
and south-eastern slopes of Taiingme (22° 58' : 96° 28') ; and many 
further occuriTiices of limestone similar to those noted from Letnyo 
Taung, altliough not so cl(.*ar, are found in it. The Bernardmyo 
mass is not so well expos(id ; it, also, contains a number of minor 
exposures of limestone and calcareous gneiss. 

The aiKjite- and hornblende-granites appear to be a more acid 
phase of the sy('nitic magma. They arc seen in the Kyatpyin 
sheet just north of Yebu (22° 55' 30": 96° 29') and in the Ber- 
nardmyo sheet in the vicinity of Kyauksin (22° 57' : 96° 26'), 
whilst the pegmatite seen overlying tlie limestone at the Kyatpyin 
view point (22° 54' : 96° 24') also appears to belong to this cate- 
gory. 

Quartzites are found only in the Kabaing sheet, although a 
small exposure of vein-quartz in the Kyatpyin sheet half a mile 
south-west of Kyauksin has also been mapped. The quartzites 
of the Kabaing area arc either of a replaceiiHiiit or sedimentary 
nature. They occur in association with calcareous gneiss, one 
north of Myainggyi Chaung, and the second mostly on tiw souch 
side of the Mogok-Thabeitkyin road between miles 45 and 17. 
The first band mentioned passes imperceptibly into calc-granulitc 

^ Bee, Geol, Svrv, Ind,, LXV, pp. 81-82 and 86, (1931) ; and LX VI, pp. 94-95, (1932). 
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at its north-easterly end, whilst the southerly one shows liiglily 
jointed cliff exposures, is more coarse-grained than the former, 
and includes cavities in which sericitc and some magmetite are 
present. 

The limestones^ calciphyres and calcareous gneisses arc practical- 
ly always found in association and grade from one into the other. 
There are, however, places in which only limestone is found and 
of hers in which calcareous gneiss appears alone. At first sight 
they appear to be more or less <liscontinuous bands following a 
general E. 30^ N. strike, thus conforming to the genend strike of 
the ‘ coinitry ’ ro(;ks. But from a surv'^ey of the sheets mapped, it 
s(‘ems probable that tliese separate exposures represent once con- 
tinuous calcareous strata, the present separation of the exposures 
being due to Ihe com})ined effects ot intrusion by sycnitic and 
granitic rocks, of folding, and of denudation. ^I’he manner ill 
whicli tlie ])lu tonic rocks have eaten into the base of the limestone 
is well illustinti'd in the Uyin CJiaung valley, on the south-eastern 
slopes of Chinthe Taung (22' 50' 20" : 0G‘' 20') and the nortli- 
eastern slopes of Bingu Taung (22' 54' 20" : OG" 25') in the, Kyat- 
pyin sluiet, whilst folds are seen iu the Jimeston(\s west of Bankwe 
(22'' 1' ; DG" 21') and Letha Taung in tlui Chaunggyi-lvyetnapa 
sheet and also in the Mogok valley nort]i-ia,st of Myenigon. 
(22" 55' 20" ; OG" 21'). An E. 20" N. pitch of the lunestones seems 
to point to a similar pitch for the whole area. This pitcli is well 
seen at My(‘nigon and Unbin-Ycdwet Taung (22"' 5G' ‘10" ; OG' 22') 
ill the Mogok sheet and probably better, \vest of l\}^etnapa (22^" 
2' ; OG" 21') and at Biiipyit ni the Ciuuinggyi“Kyetiiapa sJieet. 
At Binpyit a heart-shaped mass of granite with aecompanying 
pegmatites projects through and hi entirely surrounded by citlier 
iimestonc or calcareous gneiss, whilst the scarj) at the western 
end of this Bmpyit exposure appears to liave been faulted by an 
intrusion. At the base, the limestone suite lias bec'ii penetrated 
by tongues of plutonic rock, sometimes a])proaching hi par lit 
injection, whilst breaking across the bedding has in some eases 
led to the isolation and totally inclusion of masses of tJie iimestonc 
series. 

In one place in the valley south of iMana (23"' 1' : 9G° 34') 
(Chaunggyi-Kyetnapa sheet) in the stream-cutting, the liinostoucs 
are exposed as a series of bands in which the following alternating 
succession was noted:— 
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Lirtiestoiio. 

C;ilc-^<noiss or calcipliyro. 

Granite. 

Calc-giiciss or (3alcipliyre. 

Limestone. 

1’Iiese limestones piteJi out furtJicr to the i*iist and give place 
to quijrtzites near Cliituiigzon (23^ 2' : l)(r 35'). The pida-ological 
eJiaracterlstie-s of the limestones ‘ caleiphyres ’ and calc -gneisses will be 
found in the General Reports for 1930 and 1931.^ 

Prof. Adam’s ^ statement tliat tluj limeston(‘s and gneisses 
exposed e-ontinnously from Thabcitkyin (22^'' 53' : 90 " 1') to Mogok 
(22'^ 55' : 90"^ 33') strike north and south is not borne out in general 
in the Mogok-Tliabeitkyin area. Possibly Prof. Adams made this 
general statement from two or three local t'xposnres or l)y mistak- 
ing pitch for strike. North of Kathe (22° 51' 30" : 90° 20'), for 
instance, a nortli-south strike of tlie limestone is \dsible for a short 
distance in the continuous exposure which runs north by east 
through Pyaungbyin (22° 55' 40" ; 90° 20' 20"), due (^ast tlirough 
Jhiwpadan (22° 50' : 96° 27' 30"), and then s«)ut]i of east into the 
Ycjbii valley. The (‘asterly pitch of the Letnyo Tauug limestone 
also giv() this false impression of a nortli-south strike. 

In the unclassified cnjslalUne group of rocks arc included all 
types of such small extent and rapid variatioji and so much obscur- 
ed by weathering and soil cap that it was impossible to map them 
separately. Jjater when the whole area is completed, it will prob- 
ably be possible to show the big mass of the Kabaiiig granite and 
other similar though smaller granitic intrusions stiparately on the 
map. In general these unclassified crystalline rocks appear to 
bo the metaniorphosijd derivatives of argillaceous and arenaceous 
sediments which have been intruded along their planes of schist- 
osity by a series of granites, syenites and pegmatites. They 
consist of biotite-granite.s, garnet-granulitcs or gneisses, garnet- 
sillimanite-gneisses, and biotite-garnct-sillimanite-gneisses, together 
with intruded aplites, pegmatites and granites. South of a lino 
running E. 30° N. through Mogok, the former types ap 2 )ear to pre- 
dominate, wlulst north of this line the intrusive rocks play a much 
more important part. 

^ Uec. Geol. Surv. Ind., LXV, pp. 82-83, (1031); and LXVl, pp. 92*96, (1932). 

^BulL Can. InsU Alin. Met., 166, pp. 234-5, (1926). 



Part 1.1 


General Ueport for 1933. 


5» 

tho garnot-grahulites iieal* Mogok aro very inucll ifoathon^d 
and everywhert) intruded J^y veins of pegmatite. Prof. Adams 
considers them to be a series of ‘ highly altered and granitised sedi- 
mentary rocks.’ Mr. Banerji records that the ridges sonth-cast 
of Mogok valley known as Nankaung Taung, and Zalatni Taung 
south-west of Mogok are formed of these rocks. In the Chaunggyi- 
Kyctnapa- sheet, south-east of the Cliaunggyi valley, garnet- 
biotitc-gueiss and garnet-giuuss aro predominant. On the north 
side of the Chaiinggyi valley, intrusivcs are more in evidence, the 
rocks varying from acad to intermediate in composition and coarse 
to nnidium in grain, but west and south-west of Letha Taung 
giUJiet-biotite-giieissos with intruded acid pegmatites again predom- 
inate. Some of those garnet-gneisses, which also contain pyrox- 
ene, may be analogous to leptynites or garnct-granulites. In 
the south-caist corner of tlie Beriiardmyo sheet the promifiant mass 
of Taungmo is a biotite-gneiss intrusion. But between this intru- 
sion and the Bcrnardmyo syenite intrusion, garnet-sillimanite- 
gneisses occur in local patches.^ 

In lh<^ western part of the area the Kabaing granite gives a 
<hara(ieristic topography and probably has a wide extension to the 
north and north-cast. This is a distinct biotite-graiiite of a 
unifojm character and appears to bo th(i most recent of the acid 
intrusions. 

75. Dr. yahni continued the survey of the Northern Shan States, 
completing the remaining portions of slicMjts 93 E/9 and 93 E/ll 

^ and, with the exception of a small area in 
ISortheni Shan States. ^ i • i, r • m • 

its north-western corner which lies in Chinoso 

territory, the whole of sheet 93 E/13. The present field season’s 

work practically completes sheet 93 E. 

The following succession of rocks is met with in the area surveyed : — 

4. Alluvium. ..... Recent to yub-recent. 

3. Nam Yau series .... Middle Jurassic (Bathonian). 

2. Plateau Limestone .... Devonian to Permian. 

1. Chaung Magyi series . . . Pre-Cambrian. 

The CJiaung-Magyis form a belt of varying width striking N. E.- 
S. W. and constitute the oldest sedimentary rocks in the area. 
They consist of grey and purple unfossiliferous sandstones, slates, 

^ Since this ^ont to Projs I hwo viVitol the Bapuirdmyo tract with, Mr. Clegg and 1 
dad that some of the garnet-silli manile-gneissei aro idoniluai with Kiioudalito — L. L. F. 
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qiiartzitos, and gr(3yi.sh white phyllitcs and generally dip at high 
angles : they weic considerably folded and criLshod before the 
overlying forinations wore deposited. They are of Cambrian or 
rie-Cambrian ago, being usually regarded as the latter. 

The Ordovician and Silurian formations ate absent and aro 
probaldy overlappc^d by rJat<iau Limestone, since further south^ 
these formations have been met with underlying the Plateau 
Limestones in the core of a dome-shaped fold. 

Tlie dolomites of tlie Plateau Limestone also form a narrow belt 
of rock with a similar N. JC.-S.W. strike. The beds generally dip 
at low angles indicative of gentle folding. The only lossil found in 
thoiu was a lusulinid allied to Schwagerina. 

Th(i equivalents of tlu^ Namyau series constitute the most fossil- 
iferoui lormation in the ania and theur ag(i is therefore known with 
certainty. Ur. 8tihni found a number of new fossiliferous localities, 
which yielded several lamellibj’anchs not j)r(iviously found in the 
area. The list of fossils collected is given on page 21. 

The pros<inco of Ilolcolhyris and Burmirhynchia proves a Middle 
Jurassic (Lathonian) age for these beds. 

To the t‘ast the Jurassic rocks are brought against the Ohaung- 
M^gyi seiies by a fault, while to the west they overlap on to the 
Plateau Limestone. 


In addition to the above stratigraphical succession, there exists 
an enormous mast’s of granite intrusive into tlie Chamig-Magyi 
series. It forms a part of the Tawng Peng granite and among 
the rock types associated with it aro (i) coarse-grained biotito- 
granite, (2) quartz-felspar-porphyry, (3) scricitc-schist, (4) muscovite- 
granito, (5) mica-schist, etc. 


Southern Shan States. 


76. Mr. V. P. Sondhi continued the geological survey of the 
Southern Shan States on which he has now been engaged for three 
held seasoiLS ; and in the piuiod under rojiort 
lie completed the, survey of sheet 93 II/l and 
the greater part of sheet 93 0/16. A short description of the rocks 
found in sheet 93 11/ 1 is included in the paper entitled ‘The Geo- 
logy of the country between Kalaw and Taunggyi, Southern Shan 


^ Geaoral lieport for 1U32, page 45. 
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States In shoot 63 C/16 tho following rock formations wero 
mot with : — 

Alluvium ...... Recent. 

liigh-levol stream deposits . . . Siib-Kocent to Pleistocene. 

Uppuj’ Plat(‘au Limestone . . . Permo-Carboniferous. 

Lower Plateau Limestone . . . Devonian-Carboniferous. 

Craptolite beds ..... Silurian. 

OrthoGeras beds ..... Do. 

Hkawnghpo beds and Tbitteikkoii mud- 
stone ...... Pindaya beds, Ordovician. 

Mawson scries ..... Ordovician. 

Tlio most important perennial stream of th(i ai‘<;a is the Zawgyi 
chaumj, which rises at tho foot of the Pindaya range about a mile 
to tho w(ist of Zawg}d village (20^ 59' : 96° 40') in a largo spring 
with a copious outflow. ft enters sheet 93 C/10 at Mongang 

(21° 4' : 90° 43') and then follows a north-easterly coiu\s(3 for about 
12 miles through a narrow valley before it emerges on to the l^awk- 
sawk plain. Tlie (U^posits of tho Lawksawk plain consist of soft 
sandy clay with (K'c^asional layers of pel^blos. These dep)osits are 
lieing deeply eroded owing to the rejnv(?iiation of tho Zawgyi 
citci'ung and in places the stream has (*ut a channel to a depth of 15 feet. 

In tho Ilkawnghpo-Mongang plain, under a suporfiiaal layer of 
soft sandy alluvium, there exists a thick deposit of rolled bounders, 
clay and sand, washed down from tJie higli ranges (as yet geological- 
ly uusuiweycd) to th(‘. west, and in tlio neighbourhood of Mon- 
gang the bed of tho Zawgyi is littered with these boulders, which 
convey the erroneous impr<'ssion of having been brought down by 
this stj-eain. Similar boulders are of widespread occurionco in the 
area, and are occasionally found at elevations of from 100 to 160 
feet above tho banks of tho existing streams. Just to the north 
of Mongang they cover two broad hump-shaped hillocks, and indic- 
ate a period of torrential floods in sub-Eccent or Pleistocene times. 

Plateau Limestone occurs in a number of small exposures in tho 
south-western quadrant of the sheet, in places resting Uko a cake 
on top of the steeply inclined phacoidal limestones of older Pakeo- 
zoic ago. Tho main outlier of this rock formation runs along tlio 
westorn boundary of the Maw\soii- Lawksawk ridge, with, it io 
believed, a faulted junction. It starts at the southern end of tho 
sheet in a narrow irregular band that broadens out to its maximum 
width of about three miles in tho latitude of Mongang. Gradually 


^Rec. Qed. Surv. Ind., Vol, LXII, Pt.2, (1933). 
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natro wring it cniitiniios to tho north for about ten miles before it 
disapjiears uii(l(n* the Law^ksavvk plain near tlui north end of the 
sheet. It is cut obJirpiely by tluj Zaw'gyi chaung. 

For the greater part the rwk is dolornitised. The purci lime- 
stones occur in local patches usually forming crags ajid knolls, and 
are at places fossil if (U’o us. All traces of original btidding has been 
destroyed, so that over long btretches no dips are seen, but when- 
ever present tliey are easterly. 

Other outliers of the Plateau Limestomi wei’e mapped at Wan 
Fupas (21'^ 12' : 96° 51') extending due south as a narrow wedge 
between rocks of Ordovician age ; and at Lawksawk, whore tlu^y 
form the low hill crested with the 8a\vl)waks Hav/ (Falace), and 
the elevated rolling ground to the west of the town. Fvery- 
where they poss(\ss the usual monotonous cJiaiacter ]>eculiar to 
this rock formation in other parts of the Shan Stat('.s. 

The chief g(!ological interest of tJuj area, cuv'cixhI by this sluM^t 
lies in the rocks of Lower Palaeozoic ag<.) wdiich form the Maw\soii- 
Lawksawk ridge and the elevated disse(*.t(Ml ground north and east 
of ]lkawiigh [)0 (Oaungpho) ; (21° 9': 96° II'). In the southern 
adjoining sheet, 93 I)/13, rocks of Louver Paleozoic age were split 
up into (1) Ortlioceras beils, (2) Pindaya bods and (3) Ma\vsoii se]*ios. 
In the south the outcro]> of Ortlioceras beds bordering tin*. Mawsoji 
series on the w^est was found to terminate shoj'tly after entering she(‘h 
93 C/IG where it gives place to Plateau lamostone. It crops out 
again however about two miles further north where some excelhmt 
sections of pink phacoidal limeoitoiiey are soon dis])laying a general 
anticlinal structure. 

The pale fissile mudstones of the elevated ground north and 
t^ast of Hkawrighpo are perhaf)s the local repicsontativos of the 
Pindaya beds of the soiithcrii adjoining sheets but in view of 
(icrtain lithological and faunal differences it has been considered 
better to give these the local name of Ukawnghpo beds until Dr. 

R. Cowper Reed has completed the examination of the fossil 
collections sent to him from this area. 

The Mawson series is represented in the area iiinlor report by 
a dark grey, tabular, and highly jointed limestone g(merally show- 
ing a characteristic pattern of brownish blotch(vs, usually irregular- 
ly disposed, but sometimes arranged roughly in lines. The brown 
patches resist denudation much bettor than th(i enclosing limestone 
BO that they stick out in smckll irregular sharp ridges or knobs on 
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tho surface. An analysis of a sample of these showed 

Ihcm to he. mostly argillaceous matter with some free silica. 

Tliert^ i\r(\ t]ir(M\ distinct outcrops of those hlotchy limestones 
sepaiiited hy d(‘,j)osits of mu<lstoiio and argillaceous limestone. 
T]u) |)riiici])al exposui’o of the argillaceous limestone forms the 
I’liit.liekkon (5, 0^)8 range, but does ]iot exttuid south to sheet 
138 1)/18; the next exposure to th(i east continues to the south 
forming ])art ol tlu‘ highlands north-east of JVIawson, where it 
wai; mapped as a member of the Mawson series. On a detailed 
examination of tlu^ southern portion of the slxecd. till 0/1 G, it became 
m^c(\ssary to se|)arat<^ tlu^ argillaceous deposits of this region frpm 
the ])l()tcjiy limestones and to map each of them as dif^tiuct niiits, 
as in addition to tlie difference in lithology must now be added a 
faunal <lifh‘,renc<* owing to the discovery of new assemblages in the 
mudstoJK‘.s, wliwli liave no forms in common with the assemblages 
so far obtained from the Mawson series. Moreover, structural 
evidene.i^ points to a younger age for the argillaceous beds. At 
one ])l!ice in those beds, about a mih^ to the south-west of bill 
r>,0'28 feet, a shale b(*d containing graptolitcs of Lower Silurian ago 
was found in a narrow symdiue. 

All the thr<‘.e outcrops of the blotchy limestones pinch out withiu 
four mih's of tlui south<'.rn (Uid of tlu^ slieet and the remaindpr pf 
the Mawson -La wksawk range is built mostly of silt-stones and 
argillarx'ous lini<;stones. LN‘pres(mtative fossil collections from a 
number of points over this area have been forwarded to Dr. Cowper 
R(‘.<*d lor description. 

77. Duviiig the lield season 1982-88, the ottlcers working in 

the Nortliern (.‘irele u^eie Dr. A. M. Heron (in charge), Messrs. 

_ E. It. Gee (runiab), J. IL Anden (United 

Nortltcrn tiulc. Provinces), Dr. P. K. Ghosli (Bombay and 

Central India), Messis. B. C. Gupta (Bombay and Central India), 

H. j\I. Lahiri (Punjab), and P. N. Mukerjee (Bomlaiy and Central India). 

78. Dr. A. M. Heron was in charge of the Northpiri Circle from 
his reversion to the grade of fSuperiiitcndent on the JGth November, 
1982, until bis departure on leave on the 26th March, 1933, being 
succeeded by Dr. C. S. Fox. He left Headquarters for eamp on 
the 17th December, 1932, and for the next two months was occupied 
in iua}>piiig the Vindhyans in tlie extreme east of Mewar (Udaipur 
State), Rajputana, the western lobe of the main Viiidhyan area. 
For tlie next three weeks, until the beginning of March, Dr. Herop 
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worked in tlic neighbourhood of Nathdwara in Mewar, revising 
C(U‘tain doiiblful points in field geology, and examining the Vindhyuns 
near Lakheri in Bundi State, mapped by Dr. A. L. Coulson. The 
last part of his camp-season was spent in inspecting the work of 
Messrs. B. C. (xiipta and B. N. Miikerjee in the Panch Mahals dis- 
trict and the Uewa Kantha Agency, Bombay. 

The Vindhyan area in Mewar had beem majjped some fifty 
years ago by Mcwssrs. C. A. llackct a? id Ki shell Singh and in Tonk, 
Gwalior and Indore bv Mr. H. C. Jones in 1912-13 and 1913-14. 
but as Dr. Heron has found it necessary to make considerable 
modifications in the earlier ma])])ing and as the area has never 
been described, lie ])ro])oscs to submit a paper on it for publication 
in the Records. 


Salt Ranv:e, Punjab. 


The results of Dr. Heron’s visit of inspections to North Bom};ay 
are given under Petrology (page 17) and Stratigraphy (page 24)^ 

79. During the greater part of the field-season 1932-33, Mr. 

Pi. R. Gee continued the survey of the Punjab Salt Range. The 

area covered by him during this ])oriod in- 

cluded the remaining, north-western portion of 
the Shalipur district and a part of tlie Mianwali distiict firound 

Kalabagh (32® 57' 30": 71® 33') rejiresented witliin portions of sheets 
43 D/2, 13 D/3, 38 P/ll, 38 P/15, 38 P/9 and 38 0/12. 

Mr. Gee observes that the stratigraphical sequence is similar 
to that of the area immediately to the oast, though, as in other 
parts of the Salt Range, lateral variation is pronounced in certain 
of the sedimentary groups. Of these lateral changes, he notes in 
particular the following - 

(rt) The Purple Sandstones are absent in many sections to the 
south and south-west of Sakesar (32® 32' 30" : 71® 56') 
and ill the extreme western portion of the Salt Range. 

(6) Although a large part of the Lovser Palaeozoic sequence- - 
so well represented in the ('.astern half of the range — 
is normally absent in these western areas, an important 
local development of these strata occurs on the v/est 
side of the Dhodha Wahan near its exit, to the south of 
Sakesar ridge. Here the Purple Sandstones are well- 
developed and are succeeded by over 100 feet of grey 
and purplish shales and dolomitic sandstones apparently 
representing the Ncobolus Shale and Magnesian Sand- 
stone series, whilst above the latter is a thick sequejace 
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of blood-red Salt Pseiidomorph beds. These Salts Psendo- 
morpli shales and flags, locally 200 to 300 feet thick, 
contain cube-sha])cd pseudomorphs and tOrc exactly 
similar in litliology to their representatives of the eastern 
part of the Salt Rang<‘. They include bands of im])nre 
gypsum at the base. 

(c) The Jurassic strata thicken rapidly to the south of Salcesar 

and within the Mianwali district to the. nortli-west. 

Sajidstoncs and shales with numerous IjcJemnites make 
their appearance between these beds and the lower 

Eocene lateritc liorizon near Lalumi (32” 32' 30" : 71” 52') 
and again around Kalabagh. 

(d) Near Mianianwali (32” 31' : 71” 50') north of Golevvali (32” 29' : 

71” 50' 30"), tlie basal Triassic limestones are directly 
overlain by a thick conglomerate including many Num- 
mulitic Limestone, some Triassic and some Product us 
Limestone pebbles in addition to a few of granite and 
quartzite. T’hese beds are overlain by grey and green 

soft sandstones with orange-browm clays, very like higher 
Siwalik types. These relatively new beds are incor- 
porated in the folding and faulting of tlie ar(‘a ; they 
indicate that considerable erosion of the Salt Range 
strata took place })rior to the final earth-movements of 
late Tertiary and sub-Recent times. 

Regarding the tectonics of the aieas under discussion, Mr. Gee 
observes that the strata in the searp-slo])es are often i(‘])eatrd by 
several well-marked overthrusts. In the lower outcrojjs of llu' s(^- 
qiience near the foot of the scarp, Purple Sandstones usually 
intervene between the Salt Mail and the Speckled Sandstones, but 
ill the higher repeated outcrops they are often missing, the Speckh'd 
Sandstones resting directly on the Salt Marl. He points out that 
such thrusts sometimes pass laterally into overfolds or fold-faults. 
He notes that along the northern slopes of the Salt Range, the 
Nummulitic Limestone and Siwalik beds contimu* to form a sharp 
flexure linking the Salt Range with the Potwar plateau. 

Mr. Gee summarises the geology of these areas as follows : 

(i) The scarp slopes between Cholia and Golcwali. (Sheits 13 
D/3, 38 P/U and 38 P/15.) 

The steep slopes that form the outermost j)ortion of the Salt 
Range between Choha (32” 24' : 72” 1' 30^) and Goicwali (32” 29' : 
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71° 60' 30'') outcrops of the Salt Marl, Purple Saiulstonc 

and Spcclvl(‘(l Sandstone series rcp(*atod by overthrusting. At the 
top of tlie slopes tli(*sc IjcaJs arc usually capped by the Produehus 
Limestones. Tlie general strike of the rocks conforms with the 
to])Ograf)hy, it being in a general westerly direction as far w(*st 
as Warcha (32° 25' : 71° 58'), l)eyond which it turns nort h-w est wards. 

Higher up the slopes, the strata are thrown into a. succession 
of anticlines and synclines, often fold-faulted and following similar 
directions of strike. Across these u])|jer slopes the Prodnetus Lime- 
stones- particularly tlie Middle Prodnetus beds - crop out over wide 
areas, whilst within certain of the synclinal and overthrust struct in es 
newm* beds arc involved, e.^., within the Darakki (32° 27' : 72° 2' 30") 
and Nanga Miana (32° 29' 45" : 72° 2' 30") synclines to the nortli 
of Cholia, the Salgi Wahan thrust three miles north wA'st of Kukhla 
(32° 27' : 71° 67'), and the overthrust synclinal just south of Amb 
(32° 30' 30" : 71° 60'). Within these latter tracts, the Triassie, 
Jurassic and Nummulitic beds are exposed. In the Salgi Walian, 
the Nummulitics are very thin and arc overlain by Siwalik sand- 
stones, clays and conglomerates, from the base of which a blaeic tarry 
oil percolates at the surface. Above this Siwalik zone, here also 
very thin, the Prodnetus Limestones are repeated by thrusting. 

The Kanjra range to the north of Amb consists of a eom])licat( (L 
fold-faulted syncline of the Prodnetus Limestones followed l)y wn 
equally sharp anticline to the north. 

In addition to these structures, running roughly parallel to tlie 
general trend of the Salt Kango, the area is complicated by anti- 
clinal folds and fold-faults aligned approximately at right angles. 
Those structures usually coincide with the deep gorges that intersect 
the area, so that up these gorges, the Salt Marl, Purple Sandstone 
and Speckled Sandstone beds are exposed for considerable distances. 

Beneath the salt-bearing marl of the Choha and Rukhla (Warcha 
Mandi) gorges, and of the gorge just north-east of Fatehpur Maira 
(32° 2G' 30" : 72° 54'), thick grey and greenish shales with gypsum 
occur. These shales include the bands of low-grade oil shale pre- 
viously noted. ^ The marl above contains thick scams of rock-salt, 
sonic of which arc wu*ll-exposed in the working of the Warcha mine. 

(ii) The Khabakki-Uch/mli Plateau. (Sheets 43 D/2 and 38 

p/14.) 

Oecl. Surv, Jnd., Pt. 4, j), 414, (1930), 
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The Salt Raugo plateau, incliiditi^' the large villages of Khabakki 
(32° 37' : 72° 14'), Naushalna, (32° 34' : 72° O') and Uehhali (32° 32' : 
72° ]'), consists of a broarl alluvial syncliiic within which the two 
latter villages are situated. This main syncline is followed to the 
north by a narrow limestone anticline, then occurs a second syncline 
filled with alluvium- in which Khabakki lake and village are situated. 
Beyond this second syncline is the broad Hill Limestone anticline 
that forms tluj northern edge of the Salt Range. In places, on the 
crest of this anticline and down the dip slopes to the noith, the 
Kamlials crop out and are succeeded in the Icnver ground of the 
Potvvar ]dateau by the higher Siw’alik horizons. 

Within the above-mentioned alluvial synclinals, in addition to 
the Recent alluvium, what are probably Pleistocene sandstones, 
clays and conglomerates occur, particularly around Bhukhi (32° 34' : 
72° 13') and Naushahra. Tlie^e latter bed.s rest eitlicr on a remnant 
of the Kamlials or directly on the Hill Limestones. They often 
have a steep dij), being incorporated in the folding that has affected 
the older rocks of the area. 

In the numerous narrow ridges to the south of this alluvial 
area, the strata down to the Middle Productus Limestones have 
been thrown into alternating, sl;eared anticlines and synclines. 
These folds continue westwards into the hills to the north of the 
Kanjra range w’herc they are cut out by tlie r(‘versed faults that 
run dowm the right-hand slopes of the Dhodlia Wahan. 

(iii) Sakesar ridge, (Sheet 38 P/14.) 

Along the south side of Sakesar ridge, the strata arc again affected 
by complex fold-faults and overthrusts. Above the main thrust, 
the sequence up to the Lower Siwaliks is well exposed. The top 
of the ridge is formed of overfolded Hill Limestones, from beneath 
which the Jurassic beds crop out as inliers in the northern slopes. 

(iv) The Kalabagh-Mari area, (Sheets 38 P/9 and 38 0/12.) 

This area, intersected by the Indus river, is traversed by a 
N.-S, zone of fold-faulting running up the Luni Wahan to the east 
of Kalabagh Hill and continuing to the south of the river near Mari 
(32° 57' 30" ; 71° 35') village. To the east of this line of disturbance, 
Siwalili beds crop out in very cousiderablo thickness. This eastern 
area is traversed by a fault running N.~S. near Ainwan (32° 55' : 
71° 37' 30") ; along this line of faulting, small outcrops of the Salt 
Marl are met with. 

F 
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The iriain- Lujii Waliuii” fault Ls nLso marked hy two pro- 
inincrit outcrops of the Salt Marl with lock-salt. 

To tlie west of this fault-, the sequence is very complicated. The 
Salt MtiL'l, cropping out in the southern cud of Kakbagh Hill and in 
Mari Hill across the river, appears to form a sharp syncliiie running 
N. N. W.-^. S. K. Overthrust on to the Salt Marl of Kalabagh 
hill are relatively thin Siwalik sandstones and clays, capped by 
couglomerates. The latter iin-lude pebbles of Niimmulilio Lime- 
stone, Triassic ami Productus Limestones. Up tlic slopes north 
of Kalabagh village, the Productus Limestone beds crop out as a 
result of faulting. They are followed to the jiortb by Triassic, 
Jurassic, Nummulitic and Siwalik beds. As a result of eonsidera))lc 
fold-faulting and shearing, tlu' outcrops are conijilicated. 

80. During the tield season of 19J2-3J, Mr. II. M. Lahiri, contin- 
uing Ins previous season’s work, mapped parts of sheets 53 A/2, 
A/5 and A/t». v. hicli ineludc' portions ot 

w'XmS ""nUiS .fetriots. 11.6 

geological lorinutions met with are the same 
as those given for the adjoiniim countr} to t]u‘ south in llio General 
Report for 1931 (page Dti). Tin* Im'cIs niupped l>y Mr. ijubiri as 
Kasaulis in the ])rovioiis season are mnv, in tlui liglit of further know- 
ledge of the stratigraphy of the area, jnovisionnlly refevred to the 
Nalagarh stage of the Lower Siwaliks. The overlying ridge-forming 
sandstones previously designated as the Nahuns, have now been 
called the Sutlej stage iu accordance witli Dr. Pilgrim’s unpublished 


maps. 

The Sutlej stage, whicli on account of tlio hard and resistant 
nature of its constituent sandstones, is responsible for the more 
prominent ridges tliat traverse tlu‘, area, such as the Sola Singhi 
and the Jawalamukhi ridges, passes quite gradually upwards into 
tlie grey sandstone and red clays of the overlying Middle Siwaliks 
and these latter into the Upper »Siwalik sand-rock, conglomerates 
and boulder beds. 


The Siwalik beds of the area are only sparingly fossiliferous. 
The fossils collected from the Middle Siwaliks include Dinoiherium 
giganteum and Uipparion Ihcobaldi. The only identifiable fossils 
from the Upper Siwaliks are an isolated tooth of lilephas planifrons 
and a toorh of Kquas, A Unio bed is reported by Mr. Lahiri to 
occur near the boundary of the Middle and Upper Siwaliks about 
six furlongs to the north-west of Nandgram (31^ 39' : 76° 14') in 
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«lieot 53 Aj^l. T]u‘ s])(*eiiuc)is of Unio obtained are, however, too 

l)oorly piesorved to allow of specilio identification. 

TJie geological slructiire in the portions exainii^ed of sheets 
33 A/o aial A/fi and in the eastern half of 53 A/2 is essentially 
the same as that ontlined in my CJenoral Report for 1931, 

for the adjoining country 1o the south and south-east. Tt 

becomes, however, somewhat less complicated northwards on account 
of some of the striLe-faults map]*ed in the coimtiy to the south 
dying out in the aiea under report. 1'l\e Bndsur and Kesori faults, 
for Jiistauce, di(‘ out near Kalesar (31” 49' : iG') and Sanoti 

(3b^ 3S' ; 17') resjjecti vely. The fault ma])ped on the left/ 

lanik of the Knnah Khad to the Avoht of llu' Cumber fault appears 
to merge into the latter near Har (3P' 47i' : 76'^ 23') in 53 A/5. A 
new fault which begijis from lu'ar Satlitta (31 35' : 75*^ 15') in 53 
A/G (‘xtends nortl' -\V( st wards into 53 A/2 and se])araTes the Upper 
{Siwalik saTid-rocks ol llie left l‘ank of tlie Scan livcr from the 
terrace-forming, almost hoj’izontal sands and clays of the 8oan 
valley. 

The flat anticline of Uj>per iSiwalik beds constituting the Siwalik 
range in the western half of 53 A/2 is also broken by a strike-fault 
whicJi, however, does not extoid northw^ards beyond Theh (31'^ 35' : 
7G'^ 4'). This fault, rims along the north-eastern flank of the range 
not far below its crest and follow\s a markedly zig-zag course. 

81. A small area whicli was left unmapped l)y Dr. Pilgrim in 
sheet 53 vV/N.E. was also geologically surveyed by Mr. Lahiri during 

the season. This ground lies mostly in the 
States”^Punfa1). *^**'^*^^ i\Ian(li Htatc but partly in the BiJaspiir 
State and the Kangra district. The formations 
ma.])pcd are the Dag\sliais of the Sirmur series, the Nahans (Sutlej 
stage) and Upper Siwaliks of the Siwalik series and Older Alluvium. 
Ill the southern ))art of the area, the Dagshais arc seen in faulted 
contact with Nahans on the west and these latter with Upper 
Siwalik conglomerates of the Sir Khad valle 3 ^ Towards the north, 
much of the solid geology is concealed under a thick mantle of what 
Mr. Lahiri has mapped as Older Alluvium. From the available 
Held evidence, Mr. Lahiri thinks, however, that the two faults noticed 
in the southern part coalesce into one south-west of Bhamla Rest 
House (3r 36' : 76" 45'). 

82. From December, 1932, to May. 1933, Mr. Auden continued 
his survey of the Himalayan Foothills, working in Chakrata tahsil of 

F 2 
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the IJolira Dun (listiict and in 'IVliri ({arliwal State on one inch to 
Dchra Dun .<is(ric< iind 15, r,?, J/3, find half- 


and Tefiri (iiir(iuai SaUc, 
United ProM’iKcs. 


jijch to t}u‘ niik* »slieet 5‘> J/N.W. Dlaiui, 
Inlra-Kiol, Krol aiul Tal rocks naxppear in 
synclinal form iicar Litiliule 30‘' .‘U»' and loni^itudc IS'' O', and 
occur continuously to Iho caslcin odjue of sheet 53 J/3. Upper 
Krol limcstojics make u]> tin* whole of the Mussoorie ridge 

from Banong Hill to the Jjaudour bazar. Tal rocks crop out 
on Landour and along the Mussoorie-Tchri mule track as far 

as mile 5. The characters ('xliilhtcd by the stage in this 

succession are typical of those already d<'scribed west of the Tons 
river and call for no more e-omment. 

Below the Blaini otaairs the dammir bcrics, wliich Mr. Auden 
has provisionally divided into three stages, in ascending order : — 

the Maiidhali, Chandpur (30'' 43' ; 77*^' 40') and Nagthat (30*^ 34' : 

77^ 58') stages. The JMandhalis consist of a complex association 
of limestones, grits, slates, jdiyllites and a boulder bed. The top 
of this stage is taki n as tlie Bansa limestone, wliich has been a very 
useful mapping liorizon. Above tliis follows the Chandpur stage, 
wliich is characterised by highly bandcfl (piarlzites and phyllites, 
with extensive tuD's and occasional lava flows. Intrusions of doler- 
it(i are abundant in this stage, and are probably roughly contem- 
poraneous with the tuffs. Some of the phyllites arc sub-schistose, 
though the rocks can never be called triu', schists. The Chandpur 
stage has been traced to Nag Tibba (30'' 35' : 78° 9'). 

Mr, Auden considers that theae. is no indication of a thrust such 
as would be required to separate the Mandluili and Chandj)!!! stages 
if the former is regarded as equivalent to the Blaini. 

The rocks of the Nagthat stage arc typically made up of quartz- 
ites, sandstones, conglomerates and phyllites, of purple and green 
colours, and closely resemble the Jaunsar rocks of the Simla region 
particularly in the presence of sheared purple conglomerates. 
Boulder beds occur high up in the succession, near the Blaini boulder 
bed and limestone. This stage has been traced from the Nagthat 
outlier as far cast as Kaudia (30° 25' : 78° 22'). 

On the north side of the Jaunsar syiicliue, these rocks are con- 
formable to the underlying Chandpur stage, but towards the south, 
in sheets 53 F/14 and 15, they appear to transgress this stage, 
and, on Bhadraj Hill (30° 28' : 77° 57'), to come almost into contact 
with the Mandhalis. Mr. R. D. Oldham mapped the group of 
rocks hero called Nagthat as Mandhali, regardless of its positiop 
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relative to tlio Chaudpiir stage and of its bulk coriii)Ogitiou. Mr. 
Audea supposes that Oldham considered the almost identical grits 
and conglomerates of the two groups of rocks to l;e sullicient reason 
to accept their equivalence. JMevcrtlicless, he points out that the 
Mandhali grits occur in a delinitc sequence, associated with lime- 
stoncLS, and underlying the CLandpur stage, while the !Nagthat 
stage is barren of limestones and lies above the Ohandpur stage. 
Moreover, the thickness of arenaceous locks in the jMagthat stage 
is lar in excess of that in the Mandlialis. i\lr. Auileii believes that 
tlie simplest explanation is to su]>pose that there are two groups of 
rockvS, both containijig grits and (*.oiiglomerates, and separated by 
the intervening Chandpur stage. Jie considers tliat towards the 
south tJiere was elevation and erosion of the Ohandpur rocks, followed 
by deposition of the i^agthat stage across on to the Alandhalis. The 
recurrence of similar rocks, throughout tlic geological column of 
this area, remains a puzzle. Mr. Audcji is disinclined, however, 
to accept re])etition by iccumbent folding as an explanation of 
such recurience, since he [)elieves that the dissimilarities of the 
facies associations, regarded us a whole, more than outw^eigh in- 
dividual facies resemblances. The sajne objection applies to repetit- 
ion by thi iisting. 

Mr. Auden is conlident that the giealcr [lan of llie rocks at 
Cliakrata and Ixailana may be ooj related wiiJi the Simla slates 
on account of tlie presence ui concretioLis simijar lu Lliose in the known 
♦Simla slates near Clihaosa (.’U' 0' ; 77^ o'). With these concret- 

ionary beds arc interbcddiui soft mottled purple sandstones which 
must also belong to litc Simla slab's. It is possible, however, 
that some of the associated soft sandstones may be JJagshai. At 
Dabra (30° dO' : 77° 40'), Nummulitic limestones have been found 
together with green shales of Subathu t\pc and shattered vitreous 
quartzites, and Tertiary sedimentation may have occurred in this 
region up into Dagshai times. 

These Simla slates with tiieir Rpor<idic Nuimnulitic beds are 
separated from the Mandhalis by the southward-dipping Tons 
tiirust, which has been traced eastwaxrds to Sindliol (30° 37' ; 7S° 05'). 

83. During the earlier part of the season, Dr. P. K, Ghosh com’ 
plcted the survey of the Paluiipur State in North Jiornbay com- 
Palanpur Stale, Mahi- nienced in the previous held season, and also 
kaiitha Agency, and mapped the adjacent area in the Mahikantha 
Bombay?^ ^^**^*'^^* Agency states of Sudasna, Umbri, Bhalusana, 
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Sailasjiii, JrJaclol and Valasna, ofj sliocts 40 A/O and 13 and 45 
D/12 aiid J() ; and bi the Paraniij divitsioii of the Ahrncdabad 
dislricl on sheets 40 A/ll ajid 15 and 10 A/lO and 14. 

'idle formations met willi were alluvium, tlu^ Jalor or Idar graniU', 
the Evini)iira granite, eale-, schist (Delhi), and tint -gnnm'd giarete- 
gneiss. Tlie yraniu -giu hs is found at the houndary of Danta State 
and tie small slates of Umt ri and Blialiisana. It is a finel> handed 
biotite-granite-gneiss, and agrees in eliaraeter with some of tlie 
tine-grained varieties of i\lr. N. L. Sliarma’s 'granitoid and schistose 
gneisses’ deseiibed in coniuetion \\ilh the geology ol tlie Danta 
State. ^ According to l)v. (irhosh, tliis gneiss is deiinilcdy oldej- 
than the. Erinpnra granite, as it is found as iijclusions therein. 
Owing to the hick of ex})Osiires, its relationslu]) to the calc-se.histy, 
the oldest sedimentary locks of tins locality, is not known. Dr. 
Ghosh, liowev^er, ])rovisionally regards rliis gneiss as pre-Delhi in 
view of the fact that nowhere in the wliole of western l{a,j])utana 
have the Delliis so fat been found to l)e intrud< d by a. gianlte older 
than tlic Erinpuia granite. SiuiiJar pic-Delhi gneiss lias been 
found by Dr. A. J\l. Heron in Jodhjmr Stale, t(» the north east. 

81. During the held season of 1932-33, i\ir, Jh ('. Gupta, in 

continuation of Die previons s^ji Mirviy, worjod on tlie one-inch 
M , , sheets IG E/12 and 10, K/D and J3) E/lb and 
Central India Agency l‘lj 3/4 and o and and <, th(-‘ area surveyed 

and Kewa Kanthn Stales comprising portions of the Doliad and Godhra 

taluks of the J^anch Alahals district, portions 
of Jhabua and Alirajpur States of the Cential India Agency, the 
Eanam valley of Bariya State, Sanjeli State in its entirety and tht* 
major portion of Luuavada State, all in the Kewa Kantha States 
Ageiic)'. 

The oldest rocks consist mainly of slaty, phyliitie uiid micaceous 
schistose formations in the north, and a bioiitu oraniiic gneisa in 
the south. The junction of the schistose and the gneissic forma- 
tions is not very well delined : thus no gritty or conglonuiatie 

formation has been observed anywhere at the junction, which 
Las been closely followed for a lengtJi of nearly 50 miles. On the 
otlier hand, development of garnets lias been fiicjiuiitly noticed 
in the pliyllitic Aravalli schists along their contact with the gneiss. 
Tliii junction is, therefore, thought to be one of eruptive unconformity. 

The argillaceous formations of the northern portion of this 


* Quart. Jovrn. Oeoh Mui, Met, Soc. Ind. Ill, pj). 2:^-23, (IGSr). 
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tract have a ;^(‘ricr;il nortluMly strike and arc continuous \vitli the 
Araralli formations nuij)|>i'<l farther nortli in Rajpiitaiia. 

Tlie <*n<M‘ssic formation n^'ar ii.s jiincliou with the Aravalli schists 
generally slious an ass(‘ml>la;."' of highly foliated biolitic gneiss 
and more or less gneissost* granite along with veins of aplite, peg- 
matite a.jid ([uartz. Karllier south, hov,e\(‘r, the eomjilexity gradual- 
ly diminishes and tlie intnisivi. is a homogeneous, ]>ink or grey, 
mcdiiiin~gr«dne(l granite. Discontinuous lent ides ol dark amphib- 
olite of varying thickness are often found in close association 
with tlui giieisslc iMonj^lex mar the junction. 1.'hese show an un- 
blended eontaet with tin', highly foliated gneiss, l)ut art*- frec^uently 
intruded <uid fdeiuhd w'ilh later intriisivcs, mostly aplites, peg- 
matites and (piarlz veins. 

Subsecpient to tlio formation of the Areliaoan sidiists and gneisses 
in the area nndt'r I'cviovv, theia^ ha,s l)een a big Inatns in the chrono- 
logical order. For lying um'onformably on those ancient meta- 
morphies ar(* several b<jrcly ju'eserved, patehy cxpi>sm*es of infra- 
irappmn format ionti, (he best (h'velopment of which has been 
studied in the Jhabua-Alirajpur area. The ont(‘rops generally form 
horizontal shelves protruding from below tlie Deccan trap lavas. 
The maximum thickness observed is nearly *25 bad.; the usual t])i(*.k- 
iiess, however, seldom exceeds J5 fctd. 

The, Infratrappcan series is (■haract<‘rised by extreme hetcTO- 
geneity of eotnposih’cm and wniability of thid<ness of its component 
beds. Instances of considerable lateral variation in the litho- 
logical charact(n:s of the beds are Neiy common, and it is extremely 
difficult to draw up an io'curate seel ioii of tiu‘ sen ies. Tlu' geruTalised 
section may be given as follows : 

5. Vorcellaiiilic, cluitv. < lialcc<h»nir‘ IjaiuK, oUoii uiucli bivo- 

riatecl -d loot. 

4, Silicooiis, tliick-l»c(kle(l linustoue . . • . . 10 ,, 

3. ( ’oRcictionaiy and griily limestoiw . . . . 0 

2. Calcareous grit . . . . • • • . 3 „ 

1. (^alcarooiis rongloiiu-iaU* . . • ■ • . 4 

Well preserved fossil lanudliluarnhs, gastropods and echinoids 
have been found in these Jnfratra])])eans. These liave been studied 
by Mr. (h N. Jlukerjec, who worked in tlie Jhabua-Alirajpur area 
jointly with Mr. B. Gupla. The Infratrappeans of the area 
have been provisionally includ<*d hi the Bagli beds. 

Overlying the Bagli formations and often resting directly on the 
metamorphic l^asement, are the lavas of the Deccan trap. The 
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rofik is, iis usuiil, basalt and is either massive or finely crystalline 
and almost non- vesicular. 

No Tertiary formations liave been seen in tlic area. The 
Ai’cliaeaiis as well as the younger rocks have been irregularly over- 
lain by post-Tertiary deposits of Recent and sub-Rccent soils, kankar^ 
etc. 

85. During the fndd season 1952-33, Mr. P. N. Mukerjee was 

attached to the Noithern Circle and nuipp(*d portions of the Panch 
Mahals district and of the adjohiing States of the Rewa Kantha and 
Central India Agencies. The ground surveyed is included iji the 
one -inch sheets [0 J/2 and G, 4G F/9 and 13, 4G and 14, and 4G 
J^ll and 15, comprising portions of tlici Godhra, Kalol and Dohad 
taluks of the Panch Mahals distric-t and portions of Bariya and Chota 
Udepiir and Jainbiighoda (Namkot) States in the Rewa Kantha 
Ageiujy, and of Jhabua, Alirajpur, and Ratanmal States in the 
Ccmtral India Agency. 

Th('. geological formations of the area arc the Aravallis with 
intrusive granites, often giieissi(‘., the infratrappean Ihigh bods, 

the Deccan traj), and Recent and 8ub- Recent alluvium and 

soils. 

The AracaJIis (Blanford’s Chainpaner beds — see page 24) consist 
of a series of slaty and phyllitjc rucks and micaceous schists 
with intercalations of quartzites. Conglomeratuj beds, though ]*ar(‘., 
have been noticed in Narulvot or Jambiighoda State. Tourmaline 
is found associated with quartz in veins in the phy Hites and schists. 
Jlaematite-quartz-rock occurs interbanded with phyllites and schists 
in Jambughoda, Chota Udepur, and in tlic Ilalol taluk of the Panch 
Mahals. The quartzite beds strike E.-W. to 8. E.-N. W. Near 
tiie northern frontier of tluj Jambuglioda 8tate, there is a thick 
band of limestone, containing tremolite, associated with phyllites 

and schists. This limestone is the western end of the bands mapped 
by Mr. G. V. Hobson in CJiota Udepur State. ^ 

The principal intrusive into the Aravallis is a biotite-granitc 
often gneissic, ranging in texture from niodiuni to coarse-grained, 
and sometimes porphyritic. There must have been more than one 
intrusion as there are instances where the gneissic biotite-granitc 
has been intruded by normal granite. There is also a younger 
intrusive phase of pegmatites and aplites. The pegmatites some- 
times contain books of muscovite and tourmaline. The infra^ 


» Rec. Ged. Surv. Ind,, LIX, PI. 24, (1926). 
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Irappcan BagU beds wiiicli arc well seen in the Jliabua-Alirajpur 
area consist of coarse, gritty, calcareous sandstones with cherty 
material resting imconforjiiably upon ihe Aravailis and immediately 
underlying tJio Deccan tjMp in tlic tFlLibna-Alirajpur area. The 
maximum thickness observed is about 25 icet, but usually is not 
more tlian ten to J5 feet. 

These bods contain we I L-j reserved mariiie fossils, lamclbbranohs, 
gastropods, bryozoans and echinoid.’. ; the foilowiug species de- 
scribcnl by Stoliezka from the Cretac^aius of ISouthiTu India have 
been provisionally identiiied : — Protonn'dinm pond idler ianse, d’Orbigny, 
Cardium {TrachgcMvdinm) incompf'iinK Sowerby, Cyiltcrea {CalUsia) 
cf, ticid plural a, ^S(oIiczka, Turrilellic (Zaria) iiudlidriata, Keuss, the 
first padr belonging lo the Tiudiinopoly slage, and the second pair 
to the Ari}a.lur stage of the 8outh Indian Crcf-accous. 

It must l)(i noted, iiowover, that tiu' acc^.eptod coiTclatiou of the 
Dagh beds is with the Dtatur stage (AlbiaaidJenomauiau) of Soutliorn 
India, If, therefore, the above identification of the four spoides 
proves to be correct and is corroborated by furllior material collected 
during the next field scason^^ woik, it would appear that tlie beds 
of Jliabua and A]ira.jpiu* mark a considerably higher horizon 
than the Jiagh bods of the more easterly area. 

Overlying the Jhigh ])cd:> and s</metime.s n'sling directly on the 
Aravailis, are the lj,isidti(i Hows of the Dcccaii trap. Post-Tertiary 
(Recent and Sub-ltcccnl) di'po.hls of .noiIn, alluvium and kankar 
irregularly overlie the Archaeans and the younger formations of 
tJic area. 


80. During the Held season P.fo2-33 llu' otlicers wojking in the 
Southern Circle were Dr. C. S. Pox (in charge : Assam), Mr. II. 

Crookshaiik (Central Provinces), Mr. E. J. 
Soulhcni Circ t. Bradshaw (Assam), Dr. J. A. Dunn (Brhar 

and Orissa), Dr. JM. S, Ivrisliiiaii (Bihar and Orissa), Dr. P. K. Ghosh 
(Madras), Mr. D. Bhattacharji (CeiitiMl Provinces), Dr. A. K. Dcy 
(Bihar and Orissa), and Mr. A. M. JNf. Gliosh (Central Provinces). 

Mr. Bradshaw was transferred to tlie Emma Circle iu March. 

Dr. P. K. Ghosh joined from the jSorthern Circle in January. 

87. Since the systematic work iu the Klnisi Hills carried out 
by the late Captain K. W. i^almor in 1920-21, and by Mr. E. J, 
Assam Bradshaw in 1921, the geological survey of 

Assam has been in abeyance as far as the Geo- 
logical Survey of India is concerned, although large tracts occupied 
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principally by the Tertiary formations have been mapped by the 
.L’oologists of the Biirmah Oil Company in Cachar, the Nana Hills 
and th(' Lakhim})ur distih't. As a result of my visit to the Assam 
oilfields in 1930, a summary of the stratigra])hica[ results obtuimHl 
by the .Burmah Oil Company’s ^colonists, v\ith amplifications of 
lht‘- iiomenelaiure originally introdu(‘ed by F. IC Mnllel, lias now 
becji publishcHO in an important paper by Mr. Percy Evans. The 
Comjiany jirefers to treat the relevant maps as coniidential for tlie 
present. In resuming the systematic geological survey of Assam 
by rny Department, it has be(‘n decidi'd first to complete the geology 
of the western parts of Assam, namely the Caro, Khasi and Jainlia- 
Hills and tlieir southern fringes, and then to work eastwards to tlie 
country surveyed hy the oil company’s geologists. 

<S8. This work has h(*en entrusted to Or. 0. S. Fox, and as the 
area in Assam still requiring survey is enormouvs, and progress must 
in many parts be slow on account of the dense jungl(\ it is lioped 
to transfer to this area additional geologists as tliey beeome avail- 
able on the completion of work elsewhere, Duiiiig tlie season luider 
review, Dr. Fox ma[)])ed portions of tJie Caro Kills and adjobiing 
areas of the Goaljiara. district, whilst Mr. E. J. Ihacisliaw s[)ent 
some three montlis in I-Ik^ Khc.si ajid Jaintia Hills mapping in contjnu- 
atiori of liis work of 19-3-.--1, until his transfer to the Burma 
Circh' in March, 1933. 

Dr. Fox left for the field on tJie 19tli November. 1932, and ic- 
tuj’iied to headquarters on the 30th March, 1933. His mapping 

was largely confined to the iiortli-western area 
laro Hills. OjK.ii. and 78 

K/N.W,, one inch=t\vo miles) and a small area south of Tui'a (25° 31' ; 
90° 15') ou sheet 78 K/S.W. Dr. Fox included in his field work 
the elucidation of sevenil reputed coal discoveries in the alluvial 
tracts bordering the Garo Hills in the Goalpara district. These 
supposed coal occurrences are marked on some of the old maps in 
the vicinity of Phulbari (25° 54' : 90° 3'), Kajabala (25° 45' : 
89° 59'), and several places between Singrimari (Halladaygunj ; 
25° 44' : 89° 55') and Makrikola (25° 39' : 89° 07'). A brief 

refeicnce to tliese occurrences has been mode in Dr. lox’s memoir on 
the Lower Gondwana Coalfields of India. 

* iU. Geol Svrv. led., LXVI, p. 82, (1932). 

- ‘ lixplanatorj; Notes to accompany a laUo shoAving the Tertiai y Snereseion in 
Assam *, 'Irans, Min, Oeol, Inet. Ind., XX\1I, pp. 165-253, (1932). 

• Ged. Swr. Ind., LIX, p. 61, (in the Press), 



Paut J.] General Report for 1933. 76 

Dr. Fox lias fuiitid the lolluwiii^ rock iVumatioos in the areas 
cxjmiiiK'd by liini - 

Jvcccnt/ iiHiiviiiii] ol tJic Ijralirnapui ra, K;ilo, (bdwarig, etc. 

Dctrilal luieiite of ({oraniai'a^'iri, Jiiijaran liv^er. 

Older alluvium of tbiueapaiii and liiils lo south. 

iMiocene beds of l\l;era]rii‘a (and Da In), 

()UuotM_'iU‘ (maiine) saudstonc-^ of AduLMi'i. 

Upper Koceuc (maiine) strata of Damah.dri. 

tSandstones, pipe-clays and li^iiiitic coa,l of Tma. 

Jjat(‘r‘it<- and Ivcoliniscd rode of Chora ii^iri. 

D(d(‘nio dykes of Sin'^nimari and eUcwliero. 

Haiakar sandstones of iSin;'.i imari. 

Ar(,lia,oan <inoisses of Tia-a and Jbinira. 

'rJi(‘ Arclnieae fjv( lss('s (.over the ojK’aler ]>oitiou of tlio north- 
\v<*stern ari'a of l)jo Garo Hills and sink into the alluvium of the 
Dralnnapntia valley to re-a[)];oar as iuliers at vaiious places, e.gr., 
G(\'dpara (’jre K'»' • -.kd), DLulai (2tr '2/ : D(C), aiid other areas 

lo the nortli vviCiin naich of the llJmalava.s. The hieliest point of 
ihc ^.o'oissos in the (biio lldi^ is A’ukrek. ](‘et (‘jrC 1!.S' ; 20') 

on the Tiiia ranye. Tlie e.xp<'suro al. Dhulai is at about. 120 foot 
in the Urahmapulra. bank boh)\s ilic observatoiv . The r(»cks ( onsi^t 
of a f(Ui]pl(‘x of I'-inlv <aaiiit(‘S. vlneli a()])oar to b(’ intrusive, in an 
oltler si'rios of banch'd yneisMr.'c liorn])leiid]e, lueks and other fo]iat(‘d 
tyjjes. iS'O trace, liowevaa, has so far beoi found of tlie corundum- 
l)earim' sillimanite -locks last s«‘<‘n m tlu' Khasi Hills area about 
N’()ngma\veit (25*' 10' : id ' t') in ISonystoin t^t.i(('d 

Jii view of the presence ol Gomlwanas in the Darjeeling and Assam 
Himalayas to the north and in the IVninsnla to the sou tli- west, it 1ms 
long been a matter for surprise that no Gondwana rcxdvs have 
been fonnd resting on thes(' gnekssio foundations in the Assam plateau. 
It is c.onsecjnently a matter of considerable interest that Dr. Fox 
has found Ver/edraria indica in the carbonaceous shales, with 
Icnticles of vitrainised coal, and is associated with the sandstones 
and grits of Singrimari. The ex])osurc there has long been known 
to be a possible coai-bt‘aring site, l)ut the rocks were regarded as 
of the same ago as those of Tura, and tlie so-called CretaccoUvS 
coalfields of Da range iri (26° 27' : 90° t5') in the Garo Hills and 
iMawbehlarkar (25° 24' : 91° 45') in tin*. Khasi Hills, (^n the evidence 


^ J. A. Dunn, Mm. Qeol. ^urv, Ivd.y Lll, Pt. 2, pp. 167-187, (1929). 
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ol tlio plant fossils it is clear that the Singrimari sandstones belong 
lo the Lower Gondwaiias, Dr. Fox lias assigned these measures 
to the Baralcar scries on tlie analysis of tlie coal which shows a 
j)roportioii of volatile matter to lixed carbon of 17 to 40. This 
ratio is most no:u‘ly satisfied by the Lower Barakar coals of the 
Jharia field. Another factor of interest in this respect is the pre- 
sence of dylces of dolerite c.ntting the beds near >Singrimari. The 
Singriniari measures dip gently westwards under the alluvium of 
the cJinjaran river. They contain no workable seam of coal, but 
tJiey demonstrate (piiie clearly the extension of the ijower Gtoiid- 
waiias into Assam, wliile the analysis of the coal suggests that a 
great thickness of tij(‘>>e Gondwanas originally oiiourred in this 
locality. 

Tlie dolerile d glees seen enttifig through the Singriniari sand- 
sloiK's are i)('irologif5jdly identical with the dolerites and basaltic 
lavas and dykes of the Jlajinahal Hills and the Bcccan trap. Similar 
dykes arc found tlirouglunit the gneissic areas of the Garo Hills. 
The.y occur on Samdiug Jlill near rjiulbari and between Libru 
llili and Pa ham (2ry" 55' : IXP 7') ;iud otfuT jilaces — c.y., llong- 
machokgiri (25' IS'; 90' 1') -in the nortii-west ; again they are 
seen on Ihf) way up ii'om Tura to the top of the mountain behind 
Tnra. Dr, Fox had found similar dykes in 1931 at Songsak (25'’ 38' : 
90'’ 37') during Jus traverse from Damra (23'’ 5G' : 90'’ 47') to Bagli- 
mara (25'’ 12' : 90'^ 39'). The exposure at Singriinari has revealed 
the fact tliat these dolor! tes aio newer than the Lower Gondwanas. 
It is also clear from (*xposun‘S on the road north of Tura that these 
dolerites are older than the Tiua sandstones, which, it is suggested 
b(‘low, arc Lower Tertiary in age rather than Upper Cretaceous as 
previously supposed. Tlie interval between the Lower Gondwanas 
and the Lower Tertiary is c-haractorised by two sets of basic erupt- 
ions, the Kajmahal trap and the Deccan trap, and these Assam 
dolerites are presumably the ecjuivalcnts of one of these. 

Later lie and kaolinised lock occui’ in the hills cast of Itongma- 
cholvgiri and near Cherangiri. Along the motor road from Phulbari 
to Tura it becomes clear that the Tm‘a sandstones overlie the 
laterite, which in turn covers kaolinised gneisses and even the 
basalt and dolerite dykes. The great later ite-forming period in 
India is known to have begun early jn Eocene times. This laterite 
horizon is well established in western India, and in the north-west, 
at tho base of the Laki series. Dr. Fox is thus inclined to the 
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view tLafc the latorito liorizon of tho Onro Hills repT’csonts a Ter- 
tiary land surface, ff this laf critic zone l>e taken aa Lower Eocene, 
it foll(>\vs that llie Ihira sandstones, pi|je-e1jTys and lignitic coals 
are yonng(‘r, and cannot tlierefore lx* ITppor Cretaceous in ago 
as has hilherto heen l^elieved. 

The Tnm senes, as T)r. Fox calls the sandstones with coal and 
carbonaceous shales and basal ])ipe-(day bods, is best studied near 

Tiira. It was thought- that ihes(» beds wen*, undisturbed in this 

locality ; but they are evidently faulted against tlie gneisses of the 
mountain to the west of Turo.. Also, on the Halu road about three 
miles south from Tiira they are seen invert'xl, with the gneisses over 
them. Hr. Fox had previously found the same rocks with the coal 
seams of Siju in the Simsang valley, also inverted. Hr. Fox gives 

reasons for suggesting that these Tura sandslonos may be of Eocene 

age. Tlie Tura beds have previously been correlated on petro- 
logical and other, but not on fossil, evidence, with the Cretaceons 
rocks of the Cherrapiinji-Thoria Ghat area. The correlation is 

particularly wil.li the Cherra sandslones, which were tlioiight to bo 
the uppermost of the tliree Cretaceous divisions originally recog- 
nised in the Khasi and Jaintia Ilills.^ The descriptions of these 

beds show, however, that there is room for doubt about tlie group- 
ing of the topmost (Cherra sandstones) with the underlying Creta- 
ceous. Tlie area has not been cnrofully examined since, but will 

be mapped by Hr, Fox in the next season. It may be mentioned 
that Mr. P. Evans of tlie Burmah Oil Company has not been a])Ie to 
accept the lowest coals of the Mikir Hills^ as older than 

Tertiary. 

The Upper Eocene marine beds with nummulites are the west- 
ward extension of the Sylliet limestones, but the massive limestones 
gradually get thinner and thinner, imtil tlicy arc hardly rccogaisablc 
ill the stream under the bridge about the ()th mile from Tura on the 
Halu road. Their rusty represent at iv(*s are last seen about Hamal- 
giri (25^^ 32' : 8') ten miles west of Tura. The beds consist of 

nummulitic limestones passing into sideritio clayey limestones, full 
of fossils, with interbodded grey and carbonaceous shales and sand- 
stones, often with leaf impressions, fossil wood or other plant re- 
mains. These beds appear to pass down quite conformably into 
the Tura series, and upwards into a series of rusty sandstones with 

1 H. K Mcdlicott. Minu CevL &vir. Jicf., Vll, ] y. U 0, 171, 181 and 183,(1871). 

3 Trans, Min, GcoL Ir,si. Irid,, XXVII- p. 1C8, (1932). 
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flu: rir^fs aii'l im])i‘ossions <»f ininiiin Iniuc'lliln a,noli .sIh'IIs, The beds 
(‘Imrly cxtiMid far shranls, buf. as tljov liaxf* booomc less fossi- 
liferoiis a,i](] dkh’o aruilhiecoiis it is (lillieuH. lo iec(); 4 nis(’ lliein witJi 
corUiijity n('ar (.biiolaidlia (25" 35' : 90' 1'). Kashvarcls fbry are easily 
traced a('r()s,s IIk- Sinisany aiui so to the Kliasi tlills. Tliey are 
foinid ill the ITppev Sinisaiig biOiind the main 'Inra range on the 
eoal ineasnr<‘s (Turn series) of Darangeiri. All along tlie southern 
side of t1i(‘ Tara, range elosi* to tlie gneisses, it is (jiiite clear that the 
strata have In^en bent and folded, air. 1\ j\. .MuJ:erjee has examined 
som<‘. of tlie fossils bioiight by Dr. Pox from lu'ar M.-irahapara (25" 20' : 
90" 15') and otlier ])!ae(s sontli of 'rnri and considers ihe assmublagt' 
of about tlie same as those of J^ower to Jfiildle Kirthar and faunist - 
ieally related to tlie 'raw* stage of Burma. 

The Misty sandstone's overlying the mnnmulitif*. beds (u*enr in 
the neighbourhood of Adugiri (25" 20' : 90" 13'). Some (d tJie 
poorly preserved impn'ssions and casts of lanKdlilnanclis from tlies(' 
bods have been studied by Mr. A. M. N. (Jhosh, who eonsiders 
tliat they represent foinis whiidi occur in the range from Yaw stage to 
Gaj. The fauna is closely similar to that found in the Nongkulang 
Hill sandstones.^ These Adugiri nniriiie IkhIs are tlicrefore pc^ssibly 
Olifjocenc in age. The whol(‘ of thes<' strata — Adugiri and Numinuli- 
tic- is cut sharply by a VV. N. \V. to W. by K. south-throwing fault 
near Aniongpara (25" 21' : 90" 13') a mile north of Kherapara bunga- 
low on the Tura-Dalu road. The laMs to the soulh dip steeply 
soutliwavd and consist largely of soft sandstones, but no fossils liave 
yet lieen found in them except jilant mpri'ssions. They appear 

to occupy a lower stratigrajihical ])osition tlian tiic iaxls containing 
marine fossils found near Dahi, which are from fossil evidence 
regarded as Loa'cr to Middle, Miocene in ago (Biudigalian), so tJiat 
the beds near Klicrapara may be basal Miocene. Ur. Fox’s work 

did not bring him into the Dalu area, so that the next higher form- 
ation map])ed by liim is tlie Older Alluvium — hiteritcs, and soft 
red sandy beds witli liard ferruginous masses — of Rangapani (25" 33 ; 
89" 54'). The.se d(‘posits cover a large area south of Rangapani 

and even occupy the hills in that tract. Finally, bordering the 
north and north-west corner of the Garo Hills are the Recent allu- 
vial accumulations of the Brahmaputra, the Jinjaran, the Riiiggi, 

Galwang and Kalo rivers. 

^ E. V’’redenburg, Bee* Geol, Surv, Ind., LI, p. 333, ^1921). 
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Dr. Fox states thal- in many cases lie Jias traversed areas prev- 
iously examined ))y eitlior Mr. T. D. La I'oneho in 1885-87 or 
by Air. li. B. Alcdlicott seveiai years before then, but this was 
ne(icssary for (jonneeted work. His surveys have not progressed 
far enough for the making of any but g^meral remarks, but it seems 
clear that the presence of the Tura beds with coal and overlying 
Nummulitic limc^stone in the Up]H*r Simsaiig valley north of the 
axis of the Tura rang^' poijits to block faulting. There is accumulat- 
ing evidence that the v/hole region is traversed by such faulting, 
with north of Avest and east of north as the two main directions. 
Tlic old pre-lhira lateritised surface has a northerly dip and this 
may indicate a corresponding tilt of the blocks of gneiss. Outliers 
of the Tura beds (sandstones with lignitic (*.oal) are found in sev(‘ral 
])lac(*s north of the Raiigira hills, and it is from these exposure?, 
that, the rounded pic(‘es of biiglit lustrous coal found in the alluvium 
of the Ringgi, the Galw'ung and Halo rivers, arc derived. This 
means that the northern limit of the Tertiary (Eocene) deposits 
corresponds almost w'ith tlie present northern (‘dgc of the Garo Hills. 
Dr. Fox regards the several outliers of the Tura series as remnants 
of fluviatile bods of tlic Eocene epoch laid down on wide muddy 
flats on a shelving coast with the open sea to the south and south- 
east. The main point is that the Assam range w\as probably under 
water duriug the deposition of the Tura beds. 

89. During a period of some three months from the beginning 
of December, 19d2, until early in March. 1933, Mr. E. J. Bradshaw 
continued the geological survey of part of the 
Khasi and Jaintia Hills, Assam, which he had 
commenced in the latter part of the field 
season of 1923-24.^ He completed tlje survey of the southern half 
of sheet 83 C/N.W. oji a scale of one inch to two miles. 

Tn the area surveyed the following rock systems and formatmns 
arc exposed : — 

1. Shillong series. 

3. Granite. 

2. Epidiorite intrusions. 

1. Cretaceous. 

The rocks of the Shi^lona stfics are typically arenaceous and 
comparatively youthful in appearance when undisturbed : but in 

^ Oeol. Svrv, Ihd., LVIlC, p. 38, (1926-26). 
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flio nfi^hhofirlioorl of frivniU' or cpidiorltic inlrusiotis tliev aro 
jn(‘tnrru'r])lio,srfl jiitn (jij;n and j)I)yllit(\«. TliP 

qiuntzifrs an’. olO'ii .sludicicd, vvdii r:]>litrrati()ii of the striiciure, 
and if' Him In t onma OAln'nHOy ddraadl fo nia.p llm bontidary Ix'twcon 
tJio j^Taniic and llic (jiiail/ito. I'lio n’sidi in^ boundary is oxcood- 
ijiiily iniricaH’ and conlra.sfs sliaiply uitli tlio niorr nsual type 
whidi ilows for lon^^ dislanci’s in smooth ( urves 'with ^earcoly an 
indent afion o[ tlie jjranite into tlie inftanior])]iic serleB. 

]\Ir. Bradsliaw does not eonsidfr that in ilio area mapped by 
]iim tliere is siifTirient jn.stiflealion for separating the intnisivo 
granite from the granite-gneiss, an«i (onsidors them identical. Tlie 

granite is definitoly ]ne-Cretaeeoiis and is ^nninger Ilian the rocks of 
the Shillong scTies, into wtiieh it is intrudc’d. TlnJiigh there can be 
little doubt of the intnisivo nature (>f tlu’ granite it is cnrioiis how 
seldom it is injei’.tnd int<> the rocks of tlie Shillong series. Intcrfoliar 
injection was noticed in oni’ or two ])laees, but on the whole there is 
remarkably little direct evidence of energetic intrusion ; there is a 
very free development (»f mica (*]o.s<’ to the boundary, but this 

feature is not peculiar to its ncigliboiuliood. 

There is a, eonsiderabh; devcloximent ol cpidioiiiic rorhs (Mcdli- 
cott’s Khasia griMmstone’) witliin the area survcyi’d by Mr. Brad- 
shaw, one outcrop covering some t\V(‘nty-li\e square miles of country. 
As is the case witJi the gi'anite, there is little difficulty in deciding 
that the cpidioritic rocks aie pro-Cie(accoiis and that they are 

intrusive into the roclcs of the Wdlloiig series. The relative age of 

the granite and the opidiorite is, how’cver, still obscure. In addi- 
tion to coarse epidiorih*, Mr. Bradshaw noted th(^ occniTence of 
doleritc, which is definitely younger than the granite but is not 
necessarily contemporaneous witli the epidiorite. 

Mr. Bradshaw does not regard the age of tlic outliers that have 
been classified by him, and by previous ol)S‘n’vers, as Crciaceons 
as having been definitely established. He ]>oints out that the rocks 
are unfossiliferous and that tlie correlation is based on lithological 
and structural affinitii’s hi tw een these and undoubtedly Cretaceous 
strata further to tluj south. The rucks aro mainly horizontally- 
bedded sandstones with conglomeratic or folspathie basal beds, 
sometimes resting with marked unconformity ujmn the upturned 
edges of the rocks of the Shillong series, and at other times including 
the weathered remains of the underlying granite. 


1 Mem. Geol Svrv. Ind., VII, p. 201, (1869). 
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(ianupur and Haiiira 
States ; Kaiiclil and 
Sin^hbiium districts. 


90. Thii officers working in f^ihar and Orissa during the field 

^ . season i9:32-:3;3 woie Dr. J. A. Dunn, Dr. M. S. 

Bihar and Orissa. i -.x 

KnsJinan, and J)r. A. K. ])ey. 

91. During the field season Dr. M. S. Krishnan c.outinu<'d his 
syslinnatic ma])j>ing of llni (Jangpur State ainl adjoining tracts of 

Bihar and Orissa «and lannpli^ted sheets 73 
13/S. E. and 73 13/S. W. In addition, ho 
also maj)[)e<l a small area to the south of 
Manoharpur (22‘' 22' 30" : 85^ 1 2') in the Singhbhiim district, com- 
prised hetweim latitudes 22"" 17' and 22"" 22' and longitudes 85’ 20' 
in sheet 73 and l)e,tweeu l.itit tides 22’ 17' and 22"’ 21' ami 

longitudtis 85" J2' atid 85"* 15' in sKe.id- 73 F/3 in ordtu' to com- 

plete (luj map of Sou til Singhhhuin. 

In sIuM^t 73 13/S. W an nnmapjxid portion in t]u‘, .^uuth-east 
(^ormu', lying in the Jiamra Siatti, was finish(;d. The ])art. of Ranelii 
(listrict falling in .sh<‘ets 7:3 13/S. W. and 73 13/S. E. was also e.oni- 
pl(*-ted. 

Ill th(^ I3amra State tlie ifxdcs arc mainly mitai-schists ami 

micaceous quartz-schists with some Jeiistss of ainjdiibole-scliist.. All 
these, arc penetrated liy veins of pegmatit<‘/ ami coarse granite. 
Sojm‘. of th<‘. honiblemle-gneJsses Jonml heie seem to 1 k‘ hybrids 
l)etv\e(m t1ie basic and acid roe.ks. 

In the Uaiichi area, the \\(*-stern half consists (essentially of 

granite and the east(‘rn half of mica-schists. I’ln^ lino of s(q)a.ra.t- 
ion betwe<ni the two timids VV. S. W. from Tikra. (22° 30': 84° 
43'). The granitu; an^a, whicli forms the sontlnurimost portion of 

the liaiichi plate.ni, shows bands of nnfoliatcid as vv('ll as of foli.ded 

gneiss. Th(^ lalter is a composite gneiss derived from tln^ intimate 
penetration and partial assimilation of tJn^ schists by the granitic 
magma. The eastern portion consists of mica-s(ffiists with a number 
of bands of (qndiorite and amphibolite. All of thesi^. have an 
E. N. E.-W. S. W. strikt^ of foliation with the di]) to the 8. S. E. 
When followed in a W. 8. W. direction, the whole s(ni(rs is found 
to thin down considerably, b(*.cause of the high compression to 
which it has been subjeeted. 

In the report for the previous season^ the nanui Gan tj pur 
scries was suggested for the succession found in tlie aiitic.linorium. 
The aiiticliiioriiim is in fact a highly compressed, (dougated dome- 
shaped structure. The southern boundary of the series was taken 

1 Rec. Oeol, Surv, Ind., LXVII, p. 64, (1033). 
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iis zoii of oonglomorato and quartz-schi^'t passing 

Uirough llaghiinat]ipa]i (22"^ 14' : 84"^ 48') and traceable as far 
\V(ist as vVniasranga- (22“ I' : 84"^ 11') and as far east as Jaraikela 
(22" J9'; 85" O') aiai Kolpotka (22" 21' 80": 85" 5' 30"). Th (3 

jioitlKoii limit is ](\ss distinct, but can be iixed along th(j zone 

(;>:t(‘,j[i<ling from Sadliiimunda (22" 22' : 84" 27') tlirougli Amko (22" 
25' : 8 1" 37'), Bansjor (22" 20' : 84" 43') and Totob "(22" 20' : 84" 
52/). i\loiig tills zone tliere are some thin iiujxirsistent l)eds of 
([iiartziO;, Avliich nmy j)ossibly ie})resent the same zone as the 

shear(‘d con.L,iomerale on tJio south. On the west and north-east 
tile c.on glome, rate an<l quartzite zone becoiiuis unrecognisable, but 

the behaviour of tlie older Ixals, such as tlici rnarldes and tlu^ 
<*.ar]x)Jiaceous jdiylliOrs, leavers little room for doubt that the 
(tang])ur scudes forms a closixl dome, (^xcej)t at the south-west (;rn 
end, when^ only the iqqier members continue on to (Jlioriajor and 
Ixiyond. The s(ui(‘<s to its north in Kanchi distri(;t is considenxl to 
iorm the upper part of the Iron-ore sinies, being made up of mic-a- 
schists and epidiorites. 

In the Siiighbhiim area, the south-east cormn* whi<4i forms 
a S 2 )ur of Budha Biiru consists ol banded haematite-jasiici*. The 
rest of the area, shows phyltites and mica-s(jhists with int(‘,realat- 
ions of basic lava Hows. This is in diriict westward continuation 
of the anxi mapjxid by Dr. Ij. A. N. Iyer in 1026-27, an account 
of which is given in tl.e GejKual Ke])oit for 1027 (l)ag(i 90). The 


phyllitcs 


arc 


of a higlmr grade of rneta morphism than th()s<} lound 


further east. The basics Hows are now ejudioidtes consisting of 
actinolitic amjJiibole, zoisite, basic jilagioclasc, quartz and spheaie. 
A few leiisijs of carbonaccious ^ihylliles arc also found in this 
region. 

92, Drs. J. A. Dunn and A. K. Doy continued their survey of 
Dhalbhum, the eastern subdivision of Singhbhum, from where they 
left off in 1929. The geological examination 
of the copiicr belt was com^pleted and it now 
only remains to survey neighbouring portions of Mayurbhanj State, 
Manbhum and Midnapore to complete the maps for publication. 
The rocks in Dhalbhum may bo divided stratigrajihically as 
follows : — 


Singhbhum district. 


8. Alluvium. 

7. Latcrito. 

6. Grits and gravels (? Late Tertiary). 
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5. Nuwor Doloritos, often uralitised. 

4. Granite, grauopliyre. 

3. Diorite. 

2, Ultrabasic igneous rooks, gabbro (liite intrusive i)haso of the 
Dalma suite). 

1. The Troii-oni series, with Dahna volcanic flows at the, top. 

This general siuic.ession is .slinilai* to that already establislied 
in western Singlibhuni. The, diorite is an eaT'ly basic phase of 
tlui granile ]iot pnjvioiisly found in other parts of Singlibhuni. It 
is usually jather tiiui grained and grades to a hornblonde-grano- 
(liorite and granite. Tlie granophyro also grades to biotitc-granite, 
and there is a })v)ssil)ility tliat two distinct ]ioriods of granite intru- 
sion are n^pi’osented in Dhalbhuni. 

The grits and gravels, described as Older Albivihm on the old 
maps, n^present th(i western edge of the coastal deposits. Tliey 
have taken part in certain differential movements subsoqucnit to 
disposition. The amount liy which the granite and sidiists })lai!is 
have been dcniKhul, since, uplift, by the rivers which are flowing 
I)racti(adly at base l(5V<d, has suggested to Dr. Dunn a lat(‘, TiTt- 
iary age for these de[)Osits. In the absmire of fossil ovidoncr, 
liowever, tliis suggestion can bo regarded only as a hypothesis, and 
(his typo of argument applied to other parts of India miglit r(‘.sult 
in extensivii tracts of Older Alluvium, known from their fossil con- 
tents to be Pleistocene, Ixung treated as of IVrtiary age. 

In Dhalblium the successive st-ages of the Iron-ore seriea may 
be grouped as follows : - - 

4. Dalma flows. 

3. Quartzite, which in the north and west is only a minor 
pha'C iiitorbedded with ifliyllite and miea-schist, but 
becomes the doimnant typo to the south-east. 

2. Chloritic phyllitc and mica-scjiist, often ferruginous, with 
tuffs ami iuterliedded flows, occasional sheared conglom- 
erate and arkose ; banded quartzite and chert especially 
near the base. 

1. Mica-schist and phyllite with intercalated quartz-schist and 
quartz-granulite. 

Only the middle to upper part ol the Iron-oro series crops out 
in Dhalbhum, the basal conglomerate and lower shales of western 
Singhbhum not being represented. Combining the zones found in 



84 


Records of the Geological Survey of India, [ Vol. LXVIII. 


soutli and noitJi 8in/:(hl)}uim and in Wiallduini, tlio following is tlio 
coniplcite soqiKuico from to]) to bottom of tlio tron-oro scries : — 

7. Dahna lavas. 

(). Qiuiriy/ito (occasional conglomerate at base) - im 2 )crsist(^nt. 

5. rhyllites with tuffs, lavas, limestoia^, conglomerate, quart- 
zite metamor])hosed over large areas. 

4. Banded hematite-(jnartzxte. 

ib Slial(is, })hyllites, mi(\a-schists. 

2. Limestone— i)np(irsistent. 

1. Basal sandstone conglomeratic 

The zones are not sharjdy d<‘finod. No. I, the basal sandstoiu^ 
and conglomeratic sometimc<s (amtaius thin beds of shale. No. 2, 
linKvstone, is found only hxally south of 01iail)assa, and is siq)a]“atod 
from the basal saudstouci by a tliin zoiu^ of sliabc No. shahis, 
etc., contains sandslojie IxmIs and occasional cahaireous Ixxls. No. 4, 
banded hematite-quartzite, is also found at diffcnnit horizons in 
No. 5 zone. In many j)lac.<»s No. 3 zone pas (‘.s gradually ijito 
No. 5 zone. No. (», cpiartzite, frequently contains intercalatixl 
shah^s, and the.iii is often a phyllitt*. zone lx‘,t\v<xm it aj\d the 

ovi^rlying lava flows of No. 7 zone. 

Th(‘. int -erlxiddixl cojiglomerati^s of No. o zon(‘. sugg(‘st ac(‘umula- 
tion of tJie tuffs and flows und<‘r subaerial conditions. Tin*, cou- 


gIom(^ral(\s oftiui contain peb)>les of rock similar to tln^ bixls with 

whii’h they are interbedded. (fontemporamions partial i*,rosiou of 

the froii-ore scri(*s Ixxis took place during their accumulation. 

03. During May, 1933, Dr. A. K. Ucy spent thri'C weeks in th(‘, Koon- 

jhar State to coin]>l<*te the g(H)logical map of slieet 73 (}/9. This 

piece of work was Jiocessary for imiorporating 
Kcoiijhar SUtc. t tt n i t > • 4.1 

in Mr. IT. Cecil Jones s memoir on the iron- 

ore ‘leposits of Bihar and Oris.sa to bo published sliortly. The area 

examined Avas found to consist of granitic rocks traversed by basic 

dykes and having some small inclusions of Older Metamorphics. 

01 The officers working in the Central Provinces were Mr. II. 

Orookshank, Mr. D. Bhattacharjee, and Mr. A. M. N. Ghosh. Before 

his departure on long leave in 1931 Mr. Orookshank had virtually 

„ completed the re-survey of the northern por- 

Centrai Provinces. o ^ i r i 

tions of the. batpura region including the Pach- 

marhi Hills. Consequently on his return from leave it was possible 


to commence an attack upon the considerable blank in our geolog- 
ical maps in Bastar State and the adjoining portions of the Madras 
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Presidency. No officers of this Department had visited Bavstar 
since Mi*. P. N. Bose, who surveyed portions of Bastar State in the 
field seasons of 1898-181)9* and 1899-1900.“ Mr. (Irookshank com- 
meiieofl work in Bastar State in November 19.‘12. During the field 
season Mr. A. M. N. (Ihosh was attacheal 1o llui Percy Shuhm Trust 
Mxpediljon (‘oiulueted by Dr. (*. A. Matley for collecting remains 
of fossil reptiks from the Laimda beds in tlu^ Jubl)ul])ore district. 
The results of tliis work are discussed iimler Palirontology. 

95. During this field season Mr. (’rooksliank completed tJie 
mapping o[ onc-incli .sh<‘>et 05 F/9 and 13, except, for a small part of 
the north-(^ast corn(‘r, and the portion of she(*t 
astar ^latc. lying between the Kaingar riviu* 

ami th(^ eastern bord(U‘ of Bastar State. The whole of this area is 
comprisiul Ixitwetm latitudes 18"^ 45' and 19^ 0' and longitudes 

8r 30' and 8:2" 10'. 

The following art) the rocks mapped airangetl according to their 
age, in so far as that is knowui 


12('(ret 

(’uddn]),i]i 

(deciiNttnio.s 

Qaai tz-bicocia^^, gianilcH 


Soils, alluvium, giits, etc., liom t)ltl rivoi’ 
lenates. 

Shales, lim(‘stoncK, and quartzites. 
Jneludirig ancient sills, Hows and dykes, 
lueluding associated ix'gmalites, aplites, 
etc. 


Dliarwarian ox ks - 

Heiigpal st'fies . . . Amlahu-ite-gneisses and (juartz-seliists. 

Iron-nie stuies . . . Heinatite-quaitzitcs, griinerit<‘*gai net- and 

eordjerite-gnei.sst'S, etc. 

t^nart/ite.s .... IieJie\(‘d to hi* aneituii sediint'nts. 

The Caddajjalis are a non-fossiliforous sedimentary series lying 
more or less horizontally on the upturned edges of the older rotdis. 
The name Cuddajiali is rtdainod, as it has betm used in the new^ 
32-mile map of Imlia, but, accortling to Mr. Crookshank, the lithology 
of file rocks and their freedom from intrusions of any kind suggest 
tliat the}' may b(‘ Kurnool rather than (\iddapah. The same 
remarks would apply to the Baipur limestones and Chandarpur 
sandstones of the (dihattisgarh basin, wuth which P. N. Bose re- 
garded the Bastar rocks as equivalent ; and it must- lie regarded 
us an unsetth'd point in Indian sliatigraphical correlation whether 
those comparative!}' unmetamorphosed Purana rocks are to bo re- 
garded as Cuddapah in age, or the equivalents of the Kurnools or 


1 Cteijcral Revolt for 1898-] 899, p. 3C, (1899). 
•General Report for 1899-1900, p. 40, (1900). 
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Low<^r ViiKlhyaiiM. (inulcj of inotamorpliism provos froqiioutly to 
1)0 fi ini.slojuli)!;:; on’toiion in tho corrolatioii of the pro-Caml)riaii 
ro(ikft of India. 

l^/asio, fjrrrn>itfyi}r dykos aro found infcrudod in all the ro(;ks in 
tJio aioa mapped, oxee])fc the Cuddapahs. They vary in si/e from 
minute v^eins to dyk<\s ton miles lon^ and 200 yards wide. Tho 
nature of tho rocks of Avhndi tln^y are coinpos(id depends to some 
oxt(Uit on tho de^i*o,o of in(‘,ta.morplusm to which tlioy have been 
ox])osed. In coarse-grained typ(*s tho ophitic textiiro of doleritcs 
is sometimes pi(‘.sorvod, and patches of angite have occasionally 
survived, an<l may now he seen in the centre of large liornblend<i 
crystals. More often all trace of tho oiiginal luincnMls and texture 
has <lisappeared, and the ro(*k now consists of largo juismatic horn- 
hhmdo crystals in a matrix of granular quartz and felspar. 

The flows are similar to the <lyk(»s, luit liner grained with quartz 
amygdaJos and open cavities. They are foiiml as cappings to hilts 
and ridges in the sonth-westorn part of tlio area inappod. 

Tho sills are lithologically similar to the dyke rocks, and occur 
as very large intrusive sheets especually in tho rocjlcs of the Beng])al 
series in tho sontli-wcstern portion of the area map])ed. 

True quariz-bremas occur in a number of j)laces in tho granite 
and indieab^ ])ost-granitic faulting. Quartz-fu’eceias are. also formed 
by tho replac.euiont of greenstone dykes by quartz. Usually tli(\sc 
can be distinguished, as tho greori.stoiie is rarely compltjtely replaced. 

Over the greater ])art of (he area mapped, especially in tlie 
western part of it, granife is tire foumlation in which all the otluu' 
rocks aro set. It generally underlies flat <jountry, but it is some- 
tinie.s tough enoiigli to form rounded hill masses and irregular tors, 
fn ty})ical localities it is a, rather (a)arse binary granite with little 
or no sign of foliation. But, in the vicinity of ridges of any of the 
oth(*.r rocks it is, however, frequently foliatinl and banded. Around 
the edges of the older sedimentary rocks it has digested such foreign 
matter, and is usually very biotitic. Close to the hematito-qiiart- 
zit(\s it often contains (jordiorite as well. 

Pegmatites are intruded in all tho pre-Cud<lapah rocks. They 
are probably a final product of the cooling granite. Some of them 
are much youngc^r than tho main granite mass, for they have cut 
the greenstones, whicli are themselves ijitrusive in tho granite. 

Older tlian the granites are numerous rocks of Dharwarian 
typ(» and probable scdimentaiy origin. These Mr. Crookshank has 
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divided into three sections, the rolationshii)s of which to one an- 
other are unknown. 

Overlying the granite in the south-east of the map and some- 
times intruded by it is the first of those, an ancient sedimentary 
series which Mr. Crookshank terms the Bcngpal scries after a village 
situated in the centre of the area where it occurs. Li the course 
of field work ihis series was roughly divided into two, the aiidalus- 
ite-gneisses and the quartz-schists. Those pass impercteptibly into 
one another, and it is believed that the diff(ironces between them 
are duo to the different degrees of inctamorphism to which they 
liav(j be(*,ii ex])Oscd rather than to any diflenuice in tlui nature of 
lh(j original <le])osit of which they are the metamorphosed pro- 
ducts. 

The andaliisit(j-gncisscs evcuywhore abut on the granite. Tlnur 
liigliest grade of metamorjdiism is reached near the contacit, where 
such minerals as sillimanite and garnet are fairly common. On 
fijaving the borders of the granite first sillimanite disappears, then 
gariujt ; finally andaiiisito becomes scarce, though it is never entirely 
absejit. 

Tlie quartz-schists are fine-gi*ained rocks composed essentially of 
(juart-z, liiotite and muscovite. Aridalusito and iron-ore are also 
pr(\seiit in A-ery many cases. In the hand“Spe(*imen fJiose rocks 
greatly resemble ruie-grainod mic.aceous sandstones, but the metlunl 
of aTTaug(unent of the mica and llie absence of rounded ((uartz 
grains show that they have been coinpletely nicrystallised. The 
name <[uartz-s('lust is not intoiubsl to signify a parallel arrangeanenl. 
of the miea flakes. 

The second section of tlu^sc Dharwaria-n rocks is the hematite- 
quartzites^ Avhich crop out to the west of the Ijcngpal rocks. Tlu) 
count ction brtwteii tlu' two is uncertain, but it is p(\s,sible that 
the former are tlui ba.sal me.mbors of the latter. They li(^ dirt^ctly 
on tlui granite and have boon extensively dissoIvtHl jji it. Their 
thickness is always small, and they arc always metamorph()s<Nl. 
In typical cases a rough zoning can bo recognised. At tha centre 
ocernr the banded hematito-quartzitfis. These are more or less 
surrounded by grii norite-gneisses, dm^ it is thought to the thermal 
metamorphism of the quartz and hematite. Outside tliis zone 
rocks containing griim^rite, cordicrite, biotib^, muscovite, and (( uartz 
are dcveloi^cd. These are Ixdieved to bo hybrids between liematite- 
quartzites] and granite. Further out still the griinerite disappears, 
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foJlow’ed l)y Uie cordierito, and finally normal granite is reached. 
Carjii*t is often aluindant in all these roc'-ks, l)iit does not seem to 
l‘e nuieli alhicled in the course of nietamorphisiu. 

Genuine stress mi munis such as staiuolito or kyanito are very 
rare iji tlu^ ])r(;-Gnd{la,pah rocks. Tt is inftTrcd that the metamor- 
phism 1ms hecui primarily thermal. This conclusion is also sup- 
poited by tlui t(^\iur(\s of the various nxdcs o.xamined. Tliere is 
(wid(‘nc(^, Jio\v(^v(M-, of a lat<ir dynamu*. phase with resulta.nt re.gressivii 
metaniorjdiism, for sericitti and chlorite have extensiv<dy re]dac(‘cl 
all mimnals formoil at the period of maximum thermal ituitamor- 
phism in tlie ])n‘,-(Jiiddapah rocdcs. Ottrelite is alsf) commonly 
(hiveloped in the* Bengpal series, wlnuev^fir gjirnct lias l)eo]i seric- 
itised. 

The third section of the old rocks is seen in the V(uy large qiuvrtZ' 
tie ridges tlmt 0(Hiur in s<’ivorcd areas. The rocks of wdiich tlies(* 
are formed are mainly granular and (uystalline quartzites, hut 
locally chloritic phyllites replace the <juartzit(‘s to sonn^ extent. 
Judging from Ilnur uniformity, and the size and cojitinuity of their 
outcrops tlie gjaiiiilar quartzites are ])rol>ably alUned sesHmonts. 
The coarsedy crystallimi (juartz is, howevoi’, mostly secondary. The 
relation of tlies<i quartzites to tJie other j)i<^,-(Jud(lapa]i sedijiients is 
unknovrn. 

f)d. Mr. i). iiliattaclmrji spent tJie Held s(uison of iy‘VJ-33 in 
surv(ying pojtions of th(i Nagpur and Umrer t-ahsils of tin) Nagt)ur 
distri(jt and of the Bhandara and Gondia tahsils of the Bliandara 
district, (^oni])leting sheets 55 B/l and 55 V/i) and the W(jstern 
lialf of sheet 04 C/3. 

The tract surveyed in tlio Nagpur district on sheet 55 P/1 

consists of alluvium, ])oc,can trap and Intertrappeans. Tln^sti form- 
ations showed nothing of unusual interest, 
Bhandara Tntertrapi)ean occurrence being 

near Kalamna 15': 70" 3'). 

Of shet‘,t 55 P/1 only a small ])ort.ion lunl been ])reviously sur- 
veyed. Ihis area, lies ])avtly in the Nag 2 )ur and partly in the 
Bhandara district-, and is occupieil by alluvium (of th(^ AVaijiganga 
river), Vindhyans, Dluirwariaii rocks of both Saiisar and >Sakoli type, 
and the gneissic comi)hix. The VimUiyans form siiiall (uxposunw by 
the Wainganga in th(^ mu’glibourhood of Pauni, and are composed 
of gently dipping sandstone and shales with an overlying conglom- 
erate, and a coarse gritty basal sandstone resting on steeply 



Part 1.] 


General Report for 1933, 


89 


dipping gneisses iind seiists. These rocks are deduced to be of 
Vindhyan age IVom the agreement of their strikes and general 
(diara,(^t(as ^^ith the rocks maj)])e<l as Vindhyans by Mr. P. N. Datta 
a few mibvs to tlie south. 

Slieet (M Vj:] (t]u‘ (Jondia sheet), <]e])ie.i.ing a portion of the 
({ondia lahsil of i]ie liliandara <lis<ne,t, lies Jiorih of sheet (H Cyi 
(the Arnuu sheid) o\ wliicJi the gtM>logv lias a,liva<lv beiui completed 
by Dr. S. K. fhattiujee. 

Tlie \v(\ste-rn half of sheijt- 01 0/3 Ls oiaaipied by the reserved 
forests of tlu^ (hiikhuri range forming the north-eastern corner of 
th(i lijiaiidam triangle of )Sa.ko)i rocks, whilst tlie low country to 
llie West is (‘()m]ujsed mainly of gneisst‘s with overlying alluvium. 
T]h^ Sakoli rocks witli a g<‘iun‘al A*. N. K. strike are partly on the 
nortlierji ext<‘Usioii (»f the rocks of this series recognised in sheet 
01 O/'i (tlie Arjuni sluH't) to the south already surveyed by ])r. S. 

K. (hatlerji'e, and partly on the <^Ktonsion of the rocks recognised 
in sheet 55 0/15 (the Tiiora she-(d), previously survey'cd by Mr. 1). 
8. l^hattacharji. of which accounts have been given in previous 
(buKual Peports.' 

The, Bhandara triangb^ of Sakoli rocks to which so mucJi attent- 
ion has beini given by Mi*. Bhattacharji and Dr. Chat-tcrji comes 
to a ])oint in tlu^, (fondia slieet;, and with the completion of this 
area ATr. Bhaltacharji v<miures on an explanation of the structure 
of the w]i()I(^ triaiigli? with its exceiHlingly complex folding. His 
Ihogress lleport is as usu.d iMaiutifiilly illustrated and a sp<M*-ial 

L. 'atiin^ of fliis season’s work is the collection of a scries of speci- 
iiKuis of int jhailely folded rocks which are held by Mr. Bhattaiharji 
to show on a small scale stru<‘tur(\s applicable on a large si^ale to 
tlui Sakoli strata in tluj Bhandara triangle. Tie has also con- 
struetitd a iiumlMU’ of models to show how' by intricate folding a 
rock may imitat<‘, lU-par-lit inj<»,ction, an<l various other structures 
of igneous rocks. 

In this reiiort Mr. Bhattacliarji has given some attention to 
the various typ<'s of gmusses found near Chanditola (21" 18' : 80" 6') 
about ten miles south- w'est of Gondia. Ho recognises (1) biotite- 
gneisscs of S(;veral types acamrdiiig to the additional minerals such 
as gainot, magnetites and hornbiende, (2) hornblende-gneiss, and 
(3) sillimanite-gneiss. 


1 Kec. Geol Surv. Ind,, LXV, pp. 107-110,(1931) and LXVI, pp. 108-111, (1932). 
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Malhari Vinayak Rao: Born 14th February, 1878: Died 
23rd December, 1933. 

It is witJi great regret tliat I iiavc to record the death of llao 
lialiadiir llalliari Vinayak Kao on the 2.‘h'd of DeceiiilaT, only 

a few months after his retirement from tin' post of y\ssistant Superiu- 
tejidcnt in the Geological Survey of India. 

Vinayak Kao was a graduat<^ of Madras University obtaining the 
Ji.A. degree with Geology as one of his subjects from the Central 
College, Bangalore, in I9()it After a short period of practh^al uiuh'r- 
ground training in the Ooregaiim Cold .Mine in Mysore he joined the 
Geological Survey of India as a Suh-Assislant on the. '20t]i of October, 
1901. For his first held work he was posted to assist Dr. Malcolm 
Maclarcn in his examination of the aiinferons tracts of Houtliorn 
India. In subsequent years \ijiayak Kao was rmgaged on regular 
geological survey work in the Cmitral Vroviiices, in Burma, and in 
the Madras Breskhmey. During the Great War lii^ rendered valuable 
service to Government by participating in tin', investigation of the 
wolfram deposits of Lower Burjua, and in recogjiition of his services 
the Government of India were pleased to promote him to the grade 
of Assistant Superiiitendeiit on the G1 IwSi ptember, 1919, and subse- 
quently in 1920 they <*.onferred on him tjje title of ‘Kao Baliadurk 
Vinayak Kao liad not a ready pen, ui cuiif^eqiKmce of which ho has 
but one published note to his credit in the Rvconls of this Depart- 
ment, namely on tlie oil shales id Mergui, in Part 3 of Vol. LIV. 
In 1931-32, Vinayak Kao was Pre.^ident of the Geological, Mining 
and Jletallurgical Society of India, and his Presidential Address 
entitled ‘ Development of Mineral Kesoucces oi India * appears on 
pages 83 to 91 of Number 3 of Vol. Ill of the Quarterly Journal 
of that Society. 

In addition to systematic survey work Vinayak Kao undertook 
during his service, a considerable number of investigations of 
economic and engmceriiig projects, upon each of which he submitted 
reports that were practical in their advice and of considerable utihty. 
Another problem upon which Vinayak Kao was engaged at intervals 
was the collection of V^ertebrate fossils from the SiwaJiks of Balu- 
chistan and the Punjab. Finally it is necessary to make mention 
of one special task entrusted to Vinayak Kao. As part of an inves- 
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to (Ioteriniu(‘ Iho amounts of silt and dissolved salts carried 
to I lie sea hy Indian rivers, Vinayak Rao for a whole year took 
samples of silt-laden rivan- water from twa.) stations on the Indus 
sonu' niO jniles a])aj t in a straight line, namely Ivotri and Sukkiir ; 
tli(‘ samples were taken ojiee a week durinj^ the cold weather and 
l\vie(' a week durin.i« the inundation season, from surface, mid-d(‘pt]i 
aiid hottoni at selected spots on a cross-section of the river at eaeli 
place. The total numhor of samples collecteil between th(‘ 22ii(l 
iSTovember, 1905 and the 22nd November, 19UG, was 739. Frojn 
the laboratory work sul)sequently carried out on these- samples it in 
el(‘ar that Vinayak Rao discharged faithfully this inonotonous but 
\ery valualdc task. 

h^or a period Vinayak Rao was attached to my own field party Jii 
the (\mtral Jhovinc('s and 1 tlnm had an o])portunity of becoming 
\v(‘ll acquainted with his honesty of puipose, his devotion to work, 
and the friendly spirit that caused him to be liked wherever lie went. 
In illustration of this last quality it is ])leaHant to recall that Vinayak 
Rao, Baukim Blhari Ctupta and 1 w^ere in camp together in .Decemixu’, 
1911; Vinayak Rao suggested that to (*elebrute Coronation Jhyv, 
namely the 12t]i of I)(‘eeml)er, w<‘ should hold some village sports 
oj)en to both the villagers and our servants. \Vc thr(‘e. subscribed 
small sums for jnizes and the sports were a great sneei-ss, including 
not only th(‘ usual events, but a camel race and a specimen-trimming 
competition. A few days later tlie villagers in return provided us 
witli a theatrical entertainment. 

Vinayah Rao retired as recently as Jdth February, 1933, and all 
those who knew him regret that he has not lived to enjoy many years 
of peaceful retirement. 
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The Khanpur Meteoric Shower. By M. S. Krishnan, 
M. A., Ph. D., a. R. C. S., D. L C., Assistant Superintend’- 
ent. Geological Survey of India. (With Plates 1 to 8.) 


IN TRODUC TION, 


Soiin* DuiU'oric fell in Khanpur (25^ ;h‘V oO" : 8;V' 7' -‘H)") 

;uid a few neighbouring villages in the district of (jihazipur, LInifed 
Provinces of Agra and Ondh. botw(3on the 

Time and locality of liours of 12 noon and i p.m. on Friday tlic 

8th July, 1932, A brief mention of this fact 

was rna.de in tljc General Keport of the Geological Survey of India 
for the year 1932d Jt was learnt later that fragments of the same 
fjd] were recovered from Kakrapar*'^ (25"^ 35' : 83° 3') in the Jaunpur 
district and from Karauli-' (25° 33': 83° P) on tlm banlcs of the 
Giimti river in the Benares district. From the accompanying 
sketeli-map (Fig. 1 on pa,ge 10 -:) .showing a portion of the Survey of 
India sheet 03 0/2, it will bo seen that all the localities lie within 
;i radiu.s of about two and a half miles near the junction of the 
boundaries of ihe three above-mentioned districts. 

The Geological Survey of India received'* nine pieces of tlie, 

meteorite from Khanpur on the 18th August, 1932, through the 
office of the Trustees of the Indian Museum. 
In tlie following table (Tabic 1) arc given the 
co-ordinates of the localities from which the pieces were recovered, 
two pieces from the village Gauri and one each from the remaining. 


Pieces recovered. 


^ Rec. OeoU iSurv. Ind., LXVTJ> p. 10, (193o). Khanpur is misspelt heie as Khangpur. 

® Coitimunication from Dr. L. J. iSpencer of tlio Mineral Department Uritish Museum 
(Natural Historv). It is also stated in Satnre, VoJ. 131, p. 79i5, (3rd Juno, 1933), that 
fragmeiit-s weighing 40o gnis. were prc.sonlcd to tho Natural History Museum by tho 
('olleotor of the Jaunpur disfriet, through Afr. (’. A. Silbcrrad. Kakiapnr in heio 
wrongly spelt as Kahi’apaf. 

® Vide hfra in the extract from the report from tJie Jaunpur district. 

* A Notification — M. 1184 dated 9th June, 1925, of the Department of JuduetiioK 
and Labour, Government of India — states that meteorites falling in British India are the 
property of the Government and should be forwarded to the Geological Survey of India. 
Some district authorities seem to be unaware of this. 
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Sc a/e of miles. 


Fid. 1. — Map allowing Iho localities at uliicL meteorites fell ou the 8th July, 1932. 


1 . — Localities from which jjicccs of the Khanpur meteoric shower 
were collected 


Locality. 

North latitude. 

East longitude. 






o 

/ 

rr 

o 

/ sr 

Kluinpiir 





26 

33 

30 

83 

7 30 

Aaman Ohak . 





26 

33 

16 

83 

0 30 

Mandai . 





26 

32 

0 

83 

6 0 

(ladanpur 





25 

32 

30 

83 

6 0 

(lorkha . 





26 

32 

0 

83 

0 0 

Ahladpur 





26 

34 

0 

83 

5 30 

Gauri 





25 

31 

30 

83 

0 0 

Xowada 





25 

33 

0 

83 

6 0 


It is almost certain that several more pieces were found by tho 
villagers, but they have not been recovered because of the unwilling- 
ness of the people to divulge any information. 
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In the following table (Tabic 2) are given the weigliis of the 
pieces as received and at the time of llieir final storage, and also the 
specific gravities of a few. A small part of the 
Welglitb of the picte^. weight may be attributable to 

loss of moisture during storage in Calcntla, but it is mainly due to 
the using up of the material for study. because of the bad packing 
in which they were sent to Calcutta, a certain amount of damage 
has been sustained, resulting in cracking and detachment of email 
chips. 

In addition to the above, two pieces were received, one from 
Karauli and the other from Kakrapar, as late as February, 1934. 
Their weights are also shown in the following table. It is to be 
noted that the fragments weighing 450 gms. presented to the British 
Museum (Natural History) also belong to this fall. 


Table 2. — Weights of the pieces received. 


No. 

Locality. 

Original weight 
in grams. 

Final weight 
in grama. 

iSpecifio 

gravity. 

I 

Gadanpur .... 

877*11 

{a) 770-14 
(6) 07-54 
(c) 23-10 
(rf) 1-52 


11 

Klmnpur .... 

467*72 

464-00 

. . 

111 

Newada .... 

124*10 

12405 

3-449 

IV 

Gorkha .... 

li:)*8l 

113-72 


V 

Asman Chak 

68-05 

07*79 

, , 

VI 

Ahladpiir .... 

102-85 

102 08 


Vll 

Gaud .... 

56-45 

56-43 

3’-256 

Vlll 

Gaiiri .... 

41-02 

40-93 

3-409 

IX 

Mandai . . . . 

3005 

30-01 

, , 

X 

Fragments broken during 
transit. 

14-54 

11-20 

•• 

XI 

Karauli .... 

54-56 

54-56 

3-460 

Xll 

Kakrapar .... 

1,312-13 

(a) 1,300-55 

3-466 


Kakrapar fragments . 

• * 

(b) 11-58 



Total 

3,262-39 

3,248-20 

-• 


The values shown in the last column but one represent the weights 
of the pieces at the time of the final storage in the Museum. The 
differences in the values of the specific gravity are probably explained 
by the variation in the abundance of troilite in the different pieces* 
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The /ollowiij^ is ;i,n extrad- Iroin the; report of Air. iSarda Prasad 
^Siikseiia, Suporvisor Kaniingo of tlie Khan pur 
(drcl(*, dated the Oth duly, 11)32:- 


Khfliipiir area. 


‘ On tlif‘ 8tii July, IDJJ, IjcUvci u 12 noon ami 1 f.m., picL'os of black stone fell 
Iron) the sky. . . .First there was thutider and t h(‘y f(H will) a. whizzing sound. 
Jt is said that they ueie hot ^\}ien lhe\ fell.’ 

Tills was followed hy a more detailed report, dated tlie Idtli 
duly, 1032, from which tlie follovvino is takeji ; — 

‘ The fall of the niett orite is described in various Avays in dilTorent villages 
and diflieully has bi'en experic need in obtaining fragnu nts of the meteoiite 

heeause thf^y A\ere aj)j>vo])i lated by the pt'ople Avbo thougJit 
that stni/H' (a collyiinni) m.'ide fioiu them eujed )iliiidn(‘Sh, 
Avhile dllieis bclievc«l that it eiired lii’(‘ biijr)-!. I’eopio AA'eie 
unwilling to ])ait A\ith Ihe fragnaMits they obt onefi and thus ((n^eealed all 
soils of linoAvl('dg(‘ they liad about the ineteoriti*. 

Debi I’ra.-^ad of Beheii and Hainnatli Chaubo of (hnkha state that they 

observed the fall of Ibc meteoiite fioiu a lasgliL of .00 yards and 20 yards respi'ctivcly. 
'riie iiist says that tb(‘ fall foiniod a lin<' ol smoke in the sky, but tJicre Avas no 
luininositv, while the seectnd says that the jiieteoiile eanu' as a binning ball 

The fall took place hetwei-n 12 (noon) and I P.ni., on Finlay tla^ 8th July. I!);j2. 
Only one person, Kaninath (Jiauhe of (jlorkha, sav« that tin; meteoiite was seen us a 
burning ball of tlie size of J of the fidl moon. 

Th(‘ fall Avas noticed in eight viliage.s— Jvliaiipur, Oadanpuj*, Mandai, Gauri, 

Gorkha, Abladpur, Asmaii Chak an<l Newada, where fragments Averc found 

3\vo pii'ces haAm been olAained from Gnuri and one each from blu‘ remaining villages. 

The fact that pieces Avere found in dillcitml villag.-s Avithiii a ladius of Ll milca 
leads to the (conclusion that the nndeorilr divided itself into several pieces before 
the tall, as all the iiieees eolIe(ited appiiar to be of the same colour and composition 

The actual fall was aeeompanied by a Avhizzing sound ending in a heavy 

thud at the time of contact with the ground. The meU-oiile is reported to liave 
come from the south-Avest and the weight is said to be from a half a secr^ to seven 
seers The evidence g(jes to shoAv that it Avas w^arni when it fell. 

At tavo jrlaces, in the villages Gadanpur and Goikha, it fell on the tiled roofs 
of houK(‘S. In one case it remained on the rcrof and in the other it passed tlirough 
and fell inside a room, fii \illagc i^cAvada a. piece fell in the river Gumti, and a 

piece in Gorkha in a pool. In other plae(\s it fell on open ground Jn some 

2 }laecs the fragnuuits did not pemetrate deep into ihe eartli wh(‘ri3 the ground was 
hard, while in some places tht.y penetrated to a depth of eight inches Oiily where 
the soil was soft. As it rained shortly after, the pits aatio filled up and Avorc not 
available for observation. No change in tlio soil is reported on account of the 
fall.’ 


^ 1 seer— 2*0571 pounds avoirdupois— 933*08 grams. 
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On receipt of the comnninicjitiori from Dr. L. .f. Spcncor, and the 

note in Notine above referred to, tlio authorities of .lannpiir district 

were requested to send their report and any 
Kakrapar area. . r . i x r 

avaiJable pieces. A copy of the report from 

the Supervisor Kanungo of the Kakrapar area, accompanied by a 

piece Aveighing 912‘0.1 gms., was duly received. This latter may 

lie describ(\d roughly as a triangular prism, with the three sides 

measuring about 115. 125 and 75 mm. respectively, and tlio height 

about 70 mm. Tin* greater jiart of tlie surface lias a fused 

appearance, the interior being extromelv" fine-grained, somewhat 

porous and dark grey in colour with indolinite patclies of dark red- 

brown. Its specific gravity is 2*292. Megascopic and microscopic 

examination, liowever, slums it to be of the nature of ordinary 

fused brick, an opinion witli wliieb several of my eolleagues agree. 

[t seems very unlikely that the genuine metcroito could have fused 

such a thickness of soil, since it fell on wet ground during the height 

of the monsoon. The explanation seems to be that the villagers 

collected a piece of fused brick in mistake, in addition to the genuine 

meteorite which they undoubtedly collected at Kala-apar. A piece 

of the genuine meteorite from Kakrapar was received only in 

February, 1934. 

The following is extracted from the report, dated tlie 13th 
February, 1932, relating to the fall at Kakrapar : — 


' The meteorite fell on the 8tli July, 1932, at about 2 p.m., in village Kakrapar 
in a Hold owned by Banshloclian Chamar. The same day at the same time one 

^ more meteorite’ is said to have fallen in village Kaj-auli on 

Kakrapar : report. 

Bedoro the fall of the stone, the sky was thunder-struck thrice and it was cloudy. 
When the stone fell a noise like tliat of an aeroplane was heard. Half of the stone 
sank into the ground about 12 inches deep and nearly one-half of it was still above 
ground. The tenants wore out in the fields and they saw it falling. It was giving 
out smoke, and a sho^^er of rain fell just after the fall. When the shower of rain 
was over, the people gathered and took away its part.s. It wfis one piece when it 
fell but was broken by the people. It was about 15 seers in weight, [ts dimensions 
were approximately 2J ft. long, 1 ft. wdc and 1 ft. thick. 

T could gather about 5 seers and sent them to <S'aJr (headquarters). The p<3opJe 
had kept them os idols. It was easily broken and it W'as black in colour with parti- 
cles like guinea-gold mixed in it. There was a flash of light when the stone fell. 
The flash of light eame from the north and went to the south. It was hot when the 
people gathered there and broke it. They had to dig it from the earth. No move 
of it is available at present/ 
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About tlio fall at Karanli, the letter which accompanied the 
piece of nieteorhe from tliere stated 


‘The mctcoiitf* in fpie^tion fell in IIk' h<ld of one Sliyain Behari Singh of 
Mauza Karanli, Pehnv it fell, a thiinderonfl sonud was heard 

and on its fall fho ni<‘icoiiin broke into pieces; smoke was 
seen lising up at tlu* }_>laoe w’lu re it wa« lying. The people 
of the vicinity, who had a.s.senihlcd thcie, jaekt d up all the broken pieces and carried 
them away.’ 


Karanli. 


OnSCRIPTION OF THE STONES. 

As mentioned above, nine pieces wore, received from Khanpnr. 
The largest piece, No. I, Lad broken off into one large, and two small 


Description of specimens. 


pieces, with some attendant fragments, whose 


respective weiglits arc shown in Table 2. Two 
views, which may be called the front and back views of the largest 
of these, is shown in Plate 1, figs. 1 and 2. The appearance of the 
smaller pieces, which fit exactly on to each other, is shown in Plate 5. 
Tn the largest piece, the crust is present over about three-quarters of 
the surface. A portion of the bactured surface shows a greyish 
slickciisided appearance. Several depressions and well-marked 
circular or oval pits, the lalter 2 to 3 mm. deep, are seen on the 
crusted surface. The crust is black aud rather shining, and shows 
some minute discouiinuous flow-lines. The crust is very thin, 
being only a fraction of a millimetre in thickness. 

Piece No. II is the most perfect in the collection in that it has the 
crust on nearly nine-tenths of the surface. The protruding edges 
had lost some fragments during postal transit. The piece is very 
irregular in shape and no indication can be found from the ill- 
developed flow-lines of the direction of fliglit of the stone. Two 
views of this stone are presented in Plate 2, figs. 1 and 2. 

The other pieces, numbered from III to IX, and XI, are all 
irregular and incomplete, as the crust is present only on about a 
half or less of the surface of each. Their general appearance can 
be gathered from Plates 3, 4 and 5. 

Piece No. XII, which is the largest in this collection, is shown in 
Plate 6, the three views being obtained by rotating the piece succ- 
essively through 120® round its vertical axis. 

The fractured surfaces are pale grey, nearly white. They arc 
studded with golden yellow grains of Iroilite of different sizes, the 
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largest one measuring about 9 mm. across. No definite veins are 
to be seen. ITie mass, though compact looking, is rather soft 
and friable, a condition not improved by tlie bad packing in which 
llie juaierial was serd. lo Calcutta. 

1\vo of the bruloni fragments were utilised for preparing thin 

S(ctimis. A geraaal brccciated appearance is noticeable under 

. . the microscope. Radiating porphyritic and 

Microscopn; JcstnpUuii. , i i . 7, i 

granular chondri are abundant. Resides some 

glassy matter, the minerals recognisable are eiistatite, olivine and 

troilite. 


The enstatite makt's np very finely fibrous, radiating chondri. 

Most of these liave an eccentric structure (Plate 7, fig. 1) while some 

sliow the fibres in parallel orientation (Plate y, 
Knslatite and olivine. a i i * ■ ^ \ 

lig. 2). An enlarged eccentric ciistatite choii' 

dr ns is seen in Plate 7, fig. 2. The olivine generally ocems in much 

coarser form. A porphyritic chondrus with idiomorpluc crystals 

of olivine is scon in Plate 8, fig. 1. Much oi the granular material 

of tlie sections is olivine, forming part of granular chondri. 

A litth* liiudy cnislied material, on immersion in suitable liquids, 

sliow(^d tliat the olivine liad a refractive index ranging up to a 

niaxinmm of 1*705, while enstatite had a modiiun value of about 

-1*085. Tliese values would point roughly to an olivine with about 

15 per cent, of ReO and an enstatite with about 8 to 10 per cent, of 

l^eO. 


Troilite grains aie interspersed with these. They sometimes 
show' a tendency to be streaky. A lew minute 
fragments, which were tested for nickel, gave 

a negalivc result. 

Some glassy material is present in the interstices ol the grains 
and fibres of olivine and enstatite. There is also some very finely 
crystalline material. 

As the pieces described here came from Khanpur and its neigh- 
bourhood, it is proposed to call them by the name of that village. 

They have been registered under No, 290, 
tiahsifita meteorite, in the collections of the Geolog- 

ical yuivey of India. In Brezina s classificat- 
ion, the material is assigned to No. 16, Breccia-like White Chondiite 
(Cwb). 


1 
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EXPLANATION OF PLATES. 

TfiATK I, Fkj. I. Ficrc 1 ((jiadtinjmr), front view. 

Fuj. 2. [ (Gadanpiir), baek view. 

l’ri\Ti<:2. Fj( 1 . 1, I'iece 1[ (Klianpur), front view. 

Fl(». 2. II (Kh.anpur), back view. 

FfiATp] ;{. I’leees II I (Newada), TV ((lorklia) and V (Asnwin Olink). 

JMiATK 4. Fieec.s VI (Aliladjjur), VJi (CvianTi) and VI J I ((kuiii). 

Flatk 5. riecey I (I), c) ((kidaiipiir), IX (Maiidai) and XI (KaranJi). 

Flatk (). 'riiree \iews ()f FieeeXII, obtained by rotating it sne(;essively through 
120'^ round its vctlieal axi.s. 

Flatk 7, Fi(i. 1. Thin yeclion 22,000 from Fie(<' I, showing bieceiaU'd ap]x‘araue(% 
ia<liating cnstatite ehondii and granular olivine cliondri. (X 
12 .) 

Fio. 2. An eeeeiit lie; ladiati ng enstatUe ehondius in tht* same section. 

(X22.) 

PnATK S, Fjo. ]. A pait ol thill set lion 22,000, sliowing an (‘xcidlent pori)hyriti(* 
olivine ehoiidrus near the eentre. (X 10.) 

Fio. 2. Thin seetion 22,010 from l*ieet' If, showing finijly fibrous enstalite 
chondrus with jiarallel orientation of Die fibres. ( x lf>.) 

X A part of siction 22,010, showing a ladialing olivine choniiriin. 
(X :i2.) 
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Recent Observations on the Cambrian Sequence of the 
Punjab Salt Range. By E. R. Gee, M.A. (Cantab.), 
F.G.S., Assistant Superintendent, Geolo§ical Swvey of 
India, (With Plates 9 to 11.) 


INTRODUCTION. 


hi tlio (ijisteni [lari uf ilie (Jis-Jndus Snlt < lio strata. 

tlio Salt Marl include 


(iL'iicral sequence. 


that 

the 


usually overlir 
followiii*/ - 

Salt PsoudoTUorpli beds. 

Ma pruesian Sandst ones. 

Neobolns Shales. 

Purple Sandstones (at the base). 

Of these beds, the ISieoboliis Shal<‘S ]ia.v<‘, in tlu' })ast, proved h) 
l)«‘ fossiliferous, tlie fos.'^ils ineludini^ trilohiles, priinilivi' Ivjh's of 
braehiopods, etc., of ( ^irnfirian a^e.’ On 

SuKKcstcd Cam- aci’Ount of Ili(‘ vi'iv close association of the 
bficiii ajic of suite. i • tit • a i * i r i • 

overlyinp. Magnesian h»anflstones aiui of c(‘rtajn 

fos.^ils dis(:o\'(‘red liy Noetlin^, the latter were also lep^a.idcd as 

helon^dn^' to the (Vind)rian, and it has been su^^gested by certaiji 

writers who liave fwaniined the area suhsequent to Mr. /\. JJ. Wynne's 

original survey, that both tiie underlying, un fossiliferous Purple 

Sandstones and the overlying Salt Pseudotnorph Ixals, also, belong 

to this Cambrian suite. 

In addition, on the evidence of Wynne’s work, with important 
later additions liy Mr. C. S. Middlemiss, it has bc'cn inhered tJiat 
this seqiioncM* was subp'cded to erosion in pre- 
Talchir (pre,-rp])er Carboniferous) times, result' 
ing in its gradual elimination westwards in the middle aijrl wi'stern 
parts of the Cis-Indus Salt Range. The Salt hseudoniorph beds 
were supposed to have died out near Makrach W : 72"' 5d'j, 


PfC'Talcliir erosion. 


^ Wynne, Mem, GeoL Surr. Ind,, XJV, Art. 1, (187S). MiddlomiBK, Utc, 6W. tivrv, 
XXrV.rt. 1,(1891). RcclUch, /W. fud, (Nuw Snius), Vol. I, 1 (1899). 

Walcott, Vroc,, M'ash, Acad. Sci., VJI, pp. 251-2 (j(., (1905). Xoctlinf.^ /^t. OeoL iS’jirtj. 
Ivd.f XXVIl, p. 74,(1894). PaFCoc, M(m. Gtoh >SYr?-. lid,, XL, rt.3, (1920). Pox, 
jRec. 6W. /«d., LXI, Pt. 2, (1928). Cotter, Mtm. Oecl. Snri\ hid., LV, Ft. 2, 

(1933). 
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the Magnesian Sandstones near the Nila\^^allan south of Nurpur 
40' : 72° ‘h5'), and the Neolioliis Shales aroiual Katlia (32° 31' : 
72° 25'), the Purple Sandstones being absent in flie western end of 
file Sail R«ange. 

()v(‘rlying these various strata, tlie Talrhir bouhhu' })ed was 
su])pos<Ml to transgress, fairly regularly, westwards. In tlie ('astern 
end of the Salt Uang(‘ if. overlay the Salt 
.r of Psendoniorph beds, betwcaui Makrach and 

ir boulder bed. ](atha it nested on the Magnesian Sandstones 

or the Neobolus Shale l)eds, w('st of Ivatha it was deposited dinictly 
on the Purple Sandstones, and in the westeri) (Mid of the Rang (3 it 
transgressed on to the Salt Marl series. 

The pre-lalehir land surfacM' of the (<is- Indus Salt Range was, 
therefore, visualised as an anai of niark(Mlly n'guhir topography, 
only slightly alTeeted by ])Ost-()ainbrian ('arth-niova nuMits. Por those 
who favoured an early Oanibriaii or pre-(^ainbrian age for the und(M- 
lying Salt Marl serh's, this feature w^as, very naturally, an im])orl.anl. 
one. 


PIJRPOSK OP PAPPR. 

(n the f)r(‘sent note, evid(‘nee throwing light on certain of the 

above nKMil ione(l b'alures, is liroiight foiwvard. This evidern m*, which 

has accumulated during tin' c<)urs( of the 

Lvidcruc a<.iiiiiiiila(cd geological survey of tlie Salt JIange during tli(‘. 
duripK present survey. ^ 

jiast live v('aTS. ap[,(‘ars to prove : - 


(i) The probable correctness of the assumption that the 
Magnesian Sandstones and overlying Salt Pseudo- 
niorph beds are of Cambrian ago. 

(ii) The incorrectness of the assumption that tlui ])r('.-Talchir 
laud-surface in the Cis-Indus Salt Rang(i was an area 
of markedly regular topography. 

The evidence for these two assertions is as follows : 


FWIDENCE, 

The prC'Talchir Land^stirfacc. 

Within several of the principal gorges that intersect the Salt 
Range scarp and the plateau to the north in the middle portion of the 
Range {e,g., the Sardi, Nurpur and Katha gorges), the Talchir 
boulder bed, when traced northwards up these gorges, transgresses 
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on to lower horizons of the (Cambrian sequence. TJiis nnconformable 
transgression is hero, liowovor, rolativel}’ griidual. 

Furtlior west around Warclui Mandi li(J' oO" : 71 o7'), 

liowtwor, liiis northerly' 1ra,nsgr(‘Ssion is more raj)i(l. In the lower 
sear]) slopes, tlie Taleliir boulder l»ed resis on tlu‘ Purple Sandstones, 
tlie latter ])eing ofbni over 1^00 ba-t in lliieKiu'ss, whilst not far to 
the nuith willnn the middle scarp slope's, uIkto tlu^ se(]uenc(' is 
repeated by folding, fold faulting or by thrusting, this late Palaeozoic 
boulder horizon in many instances directly ovejlic’s tlu' >Salt Marl 
series - the Purple Sandstoiu's being abs(‘nt. 

Ev(m this ('videnee is, however, by no means as im])r(‘ssiv(* as 
are c(*rtain featuies still furtlu'r \v(‘st near (-'liittidil ‘JO' : 71*^ 

54') about five miles north-west of Warcha Mandi (llukhla) and 
again at (dihidru (Chideru) (112^ : 7r^ P/ .‘P"). At these two 

places, important remnants of the t'ambiiaii s<‘(piene('. (the Nj'obolus 
Shales, Magiu'sian Sandstones and Salt Pseiidojiiorph beds) Imve 
b(*eu diseoveied in the course of held work during tlu' jjast t-wo years. 

Details of Cambrian details of these two Cambiian oecur- 

occiirrciKcs. renecs arc as follows : 

{(t) The Chi Hid il ana. 

On the right sid<' of the iJhodha Wahan, about J [ mile;; iiorlh- 
Caiiibi'iaii beds* near east of ( hlttidil Ivcsi IJoiise, lh(‘ ;'i‘(juencc 

Chittidrl. includ(‘S 

(Tfdclrn htadder l>(d- iiTKonforniable.) 

I. Salt Pbradoworidi terf.v — typical rc‘d ‘diah's and Hags, ripph'- 
inarked and including scuno cul)e‘shap(‘d ])seudomorphs, 
with piirplo-grcy gypseous shah\s at th(‘ )>ase ; the sen’c'S 
attaiiis a local thickness of several humlred feet. 

3. Magnesian Sandstones — some, massive, hajd, eah'a ?‘e()us and 
dolomitic sandstones Avith bands of pur[)I('-grey sliale. 

‘J. Neobolus Shales — purple-grey shales and sandy shales Avith 
bands of hard, calcareous, glauconitic sandstone ; tJui 
usual pebble bed occurs at the, base. 

]. Purple Sandstone -inassive, jointed, maroon, aixl snl)- 

ordinate buff-eoloured sandstones, with maioori shales 
and flags at the base ; total lhi<*,kij(\ss at h'ast 250 f(‘et. 

The Neobolus Shale and Magnesian Saiulstone beds are togetlier 
about 175 to 200 feet thick, that is, appreciably thinner than in the 
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(W'trenin oast of tlio Salt Ran.i^^o. Tlio pnssa<ro from 2 to 3, and 
fioru ?) to I, is also mnnli moro jrradunl in tlioso ('^liiflidil oxpoS' 
nn\s. 

l)f‘iw<M*n Ohittidil and Oldndru, fliat is, amimd (Jol(‘\N‘di (32^’ 
W : 71'^ 51'), th * Nt'obolus Shalo : Maj^nosian Sa.ndstojie : Salt 
f^s^*udomo^ph sorpienoo is absont, tlio ^raloliir hoiiMor bod rosting 
diiooJly on tli(‘ Pin'])lf' Sandstonos. 

In fho lowor scarp slopes about 11 niilos P. S. K. of (Jhliidru, 
hovv(‘vor, these (Cambrian beds recur locally. 

(h) The (Jhhidrn arr((. 

Cntiibriaii beds near section in tlui sontlnuii brniieli of ilu' 

Klianzaman trorj^e is as follrm's : 

{Tdichir hinJih r h>d niarlo'dh’ nnc-onformalili'.) 

1 . Sdh Psei((h)ninrph hrdfi -lilood -ri‘d, spoiled yicon shales and 
fhiijjs, absent in tin* nj^or^io-bed. bn( t liidvOTiini^ np (Ik‘ 
nortfi -\va\stern slopes to about 15 fp(‘j. Ihdovv c(urMs 
an alternating secpjence of flajj:.uy ealea icons. i^rcy-.i,o'(‘cn 
sandsi OIK'S, purple-red and .i'^nHUiisli sluih's and lla,;js, 
and juirple- ijrrey rnieaeeons shales with dark juirph'-red, 
and ^iv‘enish sliales and Hai^s at tin' ba.s<‘. d’he 

tliicdsuess of these lower hods is alaait JtM) had. 

5. Mitynesiau SandstOHrs massive, jointcsl ealeareous and '( 
dolnniitie, ,a;rey sandstones and Hays, alternating will) 
])urpl(*,-grey .shales and sandy shales; total tliidsiiess 85 
to 90 feet. 

2. Seoh(duH Shales -purplish f?iey shales, micaceous saiuly shales 
and micaceous, jj^reenish i^rey, <^1 an coni tie. sandstones 
alternatinij: wdth suliordinatc flajj^s and hard, (jaloareoii.s 
sandstone bands. At the base occurs a tlirec' to four-foot 
band of yellow and white <^rit terminating below in the 
t ypical Nh'obolus Shale pebble bed. Total Ihic.kiK'Ss of the. 
si'ries is about 105 feet. 

1. Purple Sandstone series similar to the more easterly out- 
crops, iiudiidin^ a maroon .shale and flai^ zone at the 
base ; total thickness of tin' series is about 2>5(^ h'oi. 

fu this gorgc-sectioTi, the Talchir boulder bed is seen to irans'- 
gross across the upp(*r part of the Salt rseudomorph strata, so that 
although the blood-red shales crop out up the north-western slopes, 
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they ar(‘. largely absent in and around the gorge b(^d, the Talchir 
boulder bed iwstjng directly on fclie lower horizons in the bed of tlie 
iiala. This transgression occurs within the space of a few liundred 
yards in a Ts!. 10.- S. AV. din‘ction. Again, about tliree-(|na.rt(u*s of a 
mile smith ol' this gorge, aj\d about the same* distance to tin* north of 
It, llu‘ 'falchir bouhhn* b(‘d rests directly on the lhirpl<‘ Sandstones, 
the J‘ossilil(*H)Us Cajnbrian beds being absent. 

Tin' ocv'iiJTence of these two exposures, including rejnesent at ives 
of the complete Ganibrian .se({iience of the Salt Range at Chittidil 
Cuialusion * l»rc“ (^hliidru- indicates that the pr(‘-Talehir 

Talchir laiunsiiri’acc land-surface of tlui Cis-Jndus Salt Rang(‘. was 
definitely luryular in topography, and that the 


irregular. 


Talehir tiansgjession was by no moans so gradual a featiiie as lias 


biam previously su|)])o.s(hI. 


CONTINUITY OF CAMBRIAN SHDIMENTATION. 

At Uhittidil, trilobites and biaieliiopods W(‘re found in the purjih*- 
gicy sludiss ol die IScobolus Sliale seiies, and in the similar shales 

PosmU within the Magnesian .SniKisiotie 

Caiiihiiaii sequence at .series nol Itir below tire ijiilt P.sendoinoiplr 
Chitlidil aiul ChliiJiu. |)eds 

At Chliidiu, u few similar brachiopods were obtained fnuri tin* 
])iirp]e'giey shales of tlie Magnesian Sandstone s(*ries, and also from 
similar giey shales that oeeur witliin the ba^ul jiortion ol the Sail 
J tseudoinoiph sequence. 

At least t-omc of these sp<*ciinens appear to be identical with 
certain of the KcoLolus Shale fossils that liave hc'cn discoveied by 

Fossils ideniical wiili obmvoia in tire main outcrops of the 

certain Ncobolus Shale eastern parts of the Salt Range, 
fossils. 

Again, the whole siapieiice, froJii the ^^eobolus Shales np into 
the Salt Psoudonioipdi beds, is quite confojmable, and although in 

Coiiforniabilily of eastern portion of the Range, the three 

sequence. divisions— Ncobolns Shales, Magnesian Sand- 

stones and Salt Psciidoniorph beds— can be distinguished fairly 
definitely on lithology alone, at Chittidil and at Chliidru this distinct- 
ion is less marhed. At the latter places, the massive hard, calcareous 
and dolomitic sandsiones of typical ‘Magnesian Sandstone’ type 
are far less picminent, and puiple-giey, micaceous shales and flags, 
similar to those that pitdcminate in the Keobolus Shale series, 
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occur witliin tlio Mugncsiuii SamJstoiics aud umong the basal beds 
of tli(i Salt i^si‘U(luniorpli scries. 

'riicref()r(‘, ou lltliolugy and tin* absence ol any discoiiformity 
ailin', one might \V(‘ll n‘gard the divisions as parts of one 

t’oiiJiisioji : conthe sr(jiienc(‘ of Cambrian sedimentation, 

lions ^cqifciu'c (O' Caiiib- '^riiis feafuie a])pears to be borne out by the 
ri.iii St (liiik'iii.Uioii. reciMit ly-tlis(o\ cred fossils of llie e>:posuu‘S at 

(.'hittidil and Clihidrii m tin* middIe“W(*stern porlion of the (yis-Jndiis 
Salt Range. 

KXPLANATION Ol' PLA I NS. 


I‘n*.'rr‘: t'oltlt'd CatnlMiMn iK'tts ioriiiing Lhc liglit hlopfs of iho Dhodlia. VValian 

Salt Li.iiijff. 'I’hi' ^hows (!aml)iiiin SLMjUiMicc 

s]nir li.O.lf) fc'ol, ovi‘i looking tiu- Dliodlni AVaIkiii {il>oiil. ll rnilt s 
noi lh oa^l <'t (’hillnlil IJ<*st Iftinsc (sht t t ItS lyiT)). Salt Alarl 
«)nt ill aiitl .utnind tho gorgt lud. Alxivo, tlic thick Oiii pic 
Sanfkstoin^ st'iics forms sn‘c|) slopi's ca.|)|)(*(i hy the \t oluiliis Shale 
Aragru'sinu Sand, .tone* stiata. '^Flu' l.illci* toiin a sliarjJ synchni*, 
wit hin ^^hi(‘h the Salt I V udoinorph hctls arc inchided. 

1*1, \TK In. Scai ji slot»<.s south-tM.s( ol ( *jihidi n, S.dt llangc. 

At th(* hast' ot thti scarp to the .*>oiit.h cast ol ('hlndin (shed l»8 l*/I4j; 
in th(‘ right half of tin* ])hn(og?a])ii. Salt Alarl ciops out around the 
cnliancf* to the Kh/oi/arnaii gorge. Ahove, I Ik* lower (‘Jilts inehide* 
expo^nics of tin Canihijan l•(‘ds lollowcd ]>y mori' gentk' slo|>(*s of 
S|)( ekh'd Sandst(»n(‘ strata, 'the < lilts ol tla' ii]>|)er slopes (m tla* 
right lialt of th(* [ihotograph) aie (‘omposed mainly of Aliddlc Pro 
dm.tus Lim(‘.stones. 'J’hese beds, logtdhor with ova.r lying Cppci 
I’roductus, dhiassie, thin JnniHsie and Siwalik strata, an* thrown 
into ft sharp syiielnie, the eastern limb of which is oonsidorahly 
.sh(*ared. Among these sheared strata, the Middle l*rodiictus 
LimestoiK'S are again (*xjjos(‘d as jagged eJilTs seim forming the 
ridgt; and peak at the lop of the scarp in the middle of the photo- 
graph. 

Plate 11. Tlic Oamhi ian-'J’nk hir honldcr hed se<pK nee .south-east of ('Iihidru, 
Sa,lt llaiigt . 

The eliiT st'ction in tin* lower ludf (>f tlu* jdiotogiaph shows the Cam- 
brian sniU* as exposed in the riglit-lmnd sloxies of the southern 
hraiieh of th(’ Khanzainan uula, about 1\ miles soiiih-east of Chhidru 
(sheet .*1S P/lt). 

Tn the Iow('r slop(*s, the Purple Sandstones crop out tollowed above 
by t.ho Neobobis Sbak; and Magnesian Sandstone strata. Salt 
Pseiidomorph beds ovmlie the latl(*r, the daik red shales and flags 
being seen in th«; top of tliis scarp seethm. Tfu\se red shales die out 
to the dip, that is, dow ii the slope towards the right-hand bottom 
corner of thci photograjih, being overlapped by the Talchir boulder 
bed that rests uiiconformably upon them. 
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FIG, 2. PIECE I (GADANPUR), BACK VIEW. 
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FIG. 1. PIECE II (KHANPUR), FRONT VIEW. FIG. 2. PIECE II (KHANPUR), BACK VIEW. 



GJIOLOGICAL SUJ^lEY OF IXDIA 



PIECE III (NEWADA), IV iGORKHA) AND V lASMAN CHAK). 



GEOLOGI cal SUR IRY OR IRjD I A 



PIECES VI fAHLADPUR 




r/'/.w JO A j !.'/.} s /ro/'H> /o'lo 



PIECES I I6. Cl iGADANPURl, IX (MANDAII AND XI IKARAULI). 



GEOLOGICAL SURVEY OF INDIA 


Records, Vol. LXVIII, i’l. i). 




0 1 Z 3 4 

1 I 1 ^ ' 

Inches 



Inches 


P, L. Outlay Photon. Calcutta, 

THREE VIEWS OF PIECE XII (KAKRAPAR), OBTAINED BY ROTATING IT SUCCESSIVELY THROUGH 120- 

AROUND ITS VERTICAL AXIS. 
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FIG. 1. SHOWING BRECCIATED APPEARANCE, RADIATING ENSTATITE 
CHONDRI AND GRANULAR OLIVINE CHONDRI. X 12. 



^1/. .S'. KrisJin(i}i L. Dutta^ Photomicros G. S. Calrtitta . 


FIG 2. AN ECCENTRIC RADIATING ENSTATITE CHONDRUS IN THE 
SAME SECTION. X 32. 



GEOLOGICAL SURVEY OF INDIA 




G/CAZ. SVJiVEY OE EYZ)IA. 





SCARP SLOPES SOUTH-EAST OF CHHIDRU. SALT RANGE 



GILOA.OG/CAL SL\Rl£:V I^\nJA. 



THE CAMBRIAN-TALCHIR BOULDER BED SEQUENCE SOUTH-EAST OF CHHIDRU, SALT RANGE. 








